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ABSTRACT 

We present Faint Object Camera (FOC) ultraviolet images of the central 14 x 14" of Messier 3 1 and Messier 32. 
The hot stellar population detected in the composite UV spectra of these nearby galaxies is partially resolved into 
individual stars, and their individual colors and apparent magnitudes are measured. We detect 433 stars in M 31 
and 138 stars in M 32, down to detection limits of rrifnsw = 25.5 mag and thfyisw = 24.5 mag. We investigate 
• the luminosity functions of the sources, their spatial distribution, their color-magnitude diagrams, and their total 

integrated far-UV flux. Comparison to WE and //LTspectro-photometry and WFPC2 stellar photometry indicates 
consistency at the 0.3 mag level, with possible systematic offsets in the FOC photometry at a level less than this. 
Further calibrations or observations with the Space Telescope Imaging Spectrograph (STIS) will be necessary to 
resolve the discrepancies. Our interpretation rests on the assumption that the published FOC on-orbit calibration 
+3 , is correct. 

Although M 32 has a weaker UV upturn than M 31, the luminosity functions and color-magnitude diagrams 
of M 31 and M 32 are surprisingly similar, and are inconsistent with a majority contribution from any of the 
following: PAGB stars more massive than 0.56 M Q (with or without associated planetary nebulae), main sequence 
stars, or blue stragglers. 

Both the luminosity functions and color-magnitude diagrams are consistent with a dominant population of stars 
that have evolved from the extreme horizontal branch (EHB) along tracks with masses between 0.47 and 0.53 M Q . 
These stars are well below the detection limits of our images while on the zero-age EHB, but become detectable 
while in the more luminous (but shorter) AGB-Manque and post-early asymptotic giant branch (PEAGB) phases. 
The FOC observations require that only a very small fraction of the main sequence population (2% in M 31 and 
0.5% in M 32) in these two galaxies evolve though the EHB and post-EHB phases, with the remainder evolving 
through bright PAGB evolution that is so rapid that few if any stars are expected in the small field of view covered 
by the FOC. A model with a flat EHB star mass distribution reproduces the HUT and IUE spectra of these two 
galaxies reasonably well, although there is some indication that an additional population of very hot (T e g > 25000 
K) EHB stars may be needed to reproduce the HUT spectrum of M 3 1 near the Lyman limit, and to bring integrated 
far-UV fluxes of M 3 1 and M 32 into agreement with IUE. 

In addition to the post-EHB population detected in the FOC, we find a minority population (~ 10%) of brighter 
stars that populate a region of the CMD that cannot be explained by canonical post-HB evolutionary tracks. The 
nature of these stars remains open to interpretation. 

The spatial distributions of the resolved UV-bright stars in both galaxies are more centrally concentrated than 
the underlying diffuse emission, implying that stellar populations of different age and/or metallicity might be 
responsible for each component. 

Subject headings: galaxies: evolution — galaxies: abundances — galaxies: stellar content — ultraviolet: galaxies 
— ultraviolet: stars 



t Based on observations with the NASA/ESA Hubble Space Telescope obtained at the Space Telescope Science Institute, which is 
operated by the Association of Universities for Research in Astronomy, Incorporated, under NASA contract NAS 5-26555. 
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1. INTRODUCTION 

The spectra of elliptical galaxies and spiral galaxy bulges ex- 
hibit a strong upturn shortward of 2700 A, dubbed the "UV 
upturn." At the time of its discovery, the existence of a hot stel- 
lar component went against the traditional picture of early-type 
galaxies. The canonical view of ellipticals held that these galax- 
ies contained a cool, passively evolving population of old stars. 
The pioneering UV observations of ellipticals - with the Or- 
biting Astronomical Observatory (OAO) (Code & Welch 1979) 
and the International Ultraviolet Explorer (IUE) (Bertola, Ca- 
paccioli, & Oke 1982) - could only sample the Rayleigh-Jeans 
tail of the hot UV flux, with poor signal-to-noise and resolu- 
tion. Early explanations for the source of the UV upturn cov- 
ered a wide range of candidates, including massive young stars, 
hot horizontal branch stars, planetary nebula nuclei, and several 
binary scenarios (see Greggio & Renzini 1990 for a complete 
review). The presence of young stars would imply ongoing 
star formation in early-type galaxies, while the evolved can- 
didates suggested that old stellar populations could be efficient 
UV emitters. 

Characterized by the m^o- V color, the UV upturn shows 
surprisingly strong variation (ranging from 2.05-4.50 mag) 
in nearby quiescent early-type galaxies (Bertola et al. 1982; 
Burstein et al. 1988), even though the spectra of ellipticals at 
longer wavelengths are qualitatively very similar. A large sam- 
ple of UV measurements demonstrated that the UV upturn is 
positively correlated with the strength of Mg2 line absorption 
in the V band, in the sense that the mi 5 5o-V color is bluer at 
higher line strengths, opposite to the behavior of optical color 
indices (Burstein et al. 1988). Opposing theories have been de- 
vised to explain this correlation. For example, Lee (1994) and 
Park & Lee (1997) suggest that the UV flux originates in the 
low metallicity tail of an evolved stellar population with a wide 
metallicity distribution. Their reasoning is that the more mas- 
sive ellipticals formed earlier, and that it is actually the mean 
metallicity that is higher (and driving the optical indices) in the 
older and bluer galaxies. In contrast, several groups (Brocato 
et al. 1990; Bressan, Chiosi, & Fagotto 1994; Greggio & Ren- 
zini 1990; Horch, Demarque, & Pinsonneault 1992; Brown et 
al. 1997; Yi, Demarque, & Oemler 1997) argue that metal-rich 
horizontal branch stars and their progeny are responsible for the 
UV flux. Under the metal-rich hypothesis, the canonical trend 
in horizontal branch morphology (i.e., redder HBs with higher 
metallicity) is reversed at high metallicity, due to increased he- 
lium abundance and possibly a higher mass loss rate on the 
red giant branch, resulting in the production of hot UV-efficient 
stars on the extreme horizontal branch (EHB). These hypothe- 
ses lead to different ages for the stellar populations in these 
galaxies. Ages exceeding those of Galactic globular clusters 
are required under the low-metallicity Park & Lee (1997) hy- 
pothesis, while ages as low as 8 Gyr are allowed in the Bressan 
et al. (1994) model. In these two scenarios, the EHB stars are 
drawn from either tail of the metallicity distribution. However, 
it is also possible, indeed perhaps more likely, that the EHB 
stars arise from progenitors near the peak of the metallicity dis- 
tribution (cf. Dorman, O'Connell, & Rood 1995), but represent 
a relatively rare occurrence. The correlation of m^o-V with 
the global metallicity of the galaxy might indicate that this rare 
path of stellar evolution becomes less so at high metallicity and 
helium abundance. 

The Hopkins Ultraviolet Telescope (HUT), designed for 
medium resolution (« 3 A) spectroscopic observations of faint 



extended UV sources down to the Lyman limit at 912 A, offered 
a new perspective on these populations. With observations of 
two galaxies on the Astro- 1 mission (M 31 and NGC 1399), 
Ferguson et al. (1991) demonstrated that young, massive stars 
cannot be a significant contributor to the UV upturn. There 
is a lack of strong C IV absorption expected from such stars, 
and the continuum flux decreases from 1050 A down to the Ly- 
man limit. Such a decrease implies that the UV flux is dom- 
inated by stars with temperatures < 25000 K and is incom- 
patible with emission by a population of young stars having 
a normal initial mass function. Ferguson et al. (1991) also sug- 
gested that a bimodal distribution on the horizontal branch was 
needed to reproduce the shape of spectra from the near-UV 
to the far-UV, otherwise the spectra would be flatter than ob- 
served. Six more galaxies were observed on the Astro-2 mis- 
sion (M 49, M 60, M 87, M 89, NGC 3115, and NGC 3379), 
and with these data Brown et al. (1997) demonstrated that a 
two-component population of high-metallicity post-HB stars 
could reproduce the UV light seen in nearby ellipticals. In 
this model, most (> 80%) of the UV-producing stars were un- 
dergoing post-asymptotic-giant-branch (PAGB) evolution, and 
the remainder were evolving along AGB-Manque paths from 
the extreme horizontal branch. Although in the minority, these 
AGB-Manque stars can produce the majority of the flux, be- 
cause their lifetimes are orders of magnitude longer than those 
of the PAGB stars. 

Because even the brightest of these galaxies are faint and 
extended in the UV, studies of the UV upturn have focused 
mostly on the composite spectral energy distributions of ellip- 
ticals. However, the UV imaging capabilities of HST have now 
opened the possibility of studying the resolved UV population, 
at least in the nearest galaxies. Attempts to do this prior to the 
HST refurbishment were undertaken by King et al. (1992), for 
M 31, and by Bertola et al. (1995), for M 31 and M 32. 

King et al. (1992) obtained a pre-COSTAR Faint Object 
Camera (FOC) observation of a 44 x 44" field in the center 
of M 31, using the F175W filter and the F/48 relay. They 
found more than 100 sources that they identified as PAGB stars. 
Intermediate-mass (M > 0.6 M ) PAGB stars are short-lived, 
and given a population size constrained by the fuel consumption 
theorem, the large number of detected stars implied that these 
were low-mass PAGB stars. King et al. (1992) estimated that 
these stars accounted for approximately 20% of the UV light, 
with the rest unresolved, presumably coming from EHB stars 
and their AGB-Manque descendants, which could account for 
this unresolved light without violating fuel consumption con- 
straints. 

Bertola et al. (1995) used the FOC to image M 31, M 32, 
and NGC 205 with the combination of the F150W and F130LP 
filters on the F/48 relay. Although the optical luminosity en- 
closed by the FOC field was higher in M 32 than in M 31, they 
found far fewer UV sources in the M 32 field. Because M 32 
has a weaker UV upturn and lower metallicity, the UV light 
was expected to originate in PAGB stars of higher mass (and 
shorter lifetimes) than those in M 3 1 ; so, the relative numbers 
of detected sources were in line with these expectations. How- 
ever, the luminosity functions in M 3 1 and M 32 appeared simi- 
lar, in contrast to expectations when comparing a population of 
less massive PAGB stars to a population of more massive ones. 
Such a puzzle may be partly explained if the PAGB stars are 
enshrouded in dust during the early part of their evolution away 
from the AGB. 
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Both previous FOC studies faced daunting challenges in un- 
tangling the uncertainties in the FOC sensitivity calibration and 
the red leak of the filters. King et al. (1992) adopted the best 
in-flight calibration at the time, and used ground calibrations 
of the filter and photocathode response to assess the effects of 
red leak. They also determined that the pre-COSTAR PSF re- 
quired a huge aperture correction of 2.6 mag. Bertola et al. 
(1995) derived an independent calibration based upon IUE ob- 
servations of NGC 205, M 31, and M 32. In the Bertola et al. 
calibration, the nominal FOC F150W+F130LP efficiency curve 
required multiplication by factors of 0.21-0.92 (varying with 
wavelength) in order to produce agreement between the FOC 
and IUE. Checking their revised calibration against common 
stars in the King et al. (1992) F175W images, Bertola et al. 
determined that the F175W efficiency curve also required revi- 
sion, such that the peak in the efficiency curve was at 28% of its 
nominal value, but with increased red leak from longer wave- 
lengths. We demonstrate in §3.3.1 that the pre-COSTAR FOC 
data calibration was seriously in error. 

We have used the refurbished, recalibrated FOC to follow up 
these earlier studies with deeper UV images of the M 3 1 and 
M 32 cores, in order to further characterize the evolved stellar 
populations in these galaxies. Our observations use the F175W 
and F275W filters to determine color-luminosity relationships 
in these galaxies, and to compare them to the predictions of 
stellar evolutionary theories. 

2. OBSERVATIONS 

In February of 1994 and 1995, we obtained Faint Object 
Camera (FOC) ultraviolet images of the giant spiral galaxy 
Messier 31 (M 31, NGC 224) and its compact elliptical com- 
panion, Messier 32 (M 32, NGC 221). In comparison to the 
other galaxies with measured UV upturn strengths, M 3 1 and 
M 32 show relatively weak upturns, with respective m^o- V 
colors of 3.51 and 4.50 mag (Burstein et al. 1988). Our images 
are shown in Figures 1 and 2 (Plates XX and YY), as combined 
with archival Wide Field Planetary Camera 2 (WFPC2) data in 
the optical (F555W) filter. Although the images each include 
the background from the bright galaxy core, we can clearly re- 
solve many of the hot post-horizontal branch (post-HB) stars 
that are responsible for the UV light. Our observations were 
with the FOC F/96 relay, using the 512 x 1024 zoomed for- 
mat (512z x 1024); this format provided the full 14 x 14" field 
of view at the expense of the full dynamic range available 
in the FOC. Thus, after processing via the standard pipeline, 
the frames required dewrapping of brightly illuminated pixels. 
Once dewrapped, the frames from a given band were aligned 
and coadded. The observations are summarized in Table 1 . 

Because the standard pipeline processing applies a dezoom- 
ing of the pixels (from 512 x 1024 to 1024 x 1024) and a geo- 
metric correction, the signal in neighboring pixels is correlated, 
and so the noise characteristics of these images significantly 
deviate from the Poisson distribution. Well-defined source de- 
tection required modelling of the noise characteristics in the im- 
ages, especially given the presence of a nonuniform background 
from the underlying galaxies. To simulate the FOC noise char- 
acteristics, we applied the same dezooming and geometric cor- 
rection to a set of uniform frames that had Poisson noise; this 
set of test frames covered the range of signal appropriate to our 
galaxy images. We then fit a second-order polynomial to the 
pixel-to-pixel variance in each simulation; the fit is shown in 
Figure 3. Poisson statistics significantly overestimate the noise 



in this format up to a signal of approximately 500 counts per 
pixel, and underestimate the noise beyond this level. 

We fit the full-width half maximum (FWHM) of the point 
spread function (PSF) in each image using a selection of iso- 
lated stars. The fits were performed with the IRAF routine 
FITPSF, and the results are listed in Table 1. It appears that 
the focus was slightly better in the M 32 images, perhaps due 
to "breathing" in the telescope structure. The sharpness of the 
PSF is known to improve at longer wavelengths, so it is not sur- 
prising that the F175W images show wider PSFs as compared 
to the F275W images. We note that the PSF does not appear to 
vary significantly with position in the FOC field. Our fits to the 
PSF were used to determine source detection criteria, to simu- 
late completeness, and to simulate spurious source detections, 
all of which are discussed below. None of the sources appear 
significantly resolved (e.g., as planetary nebulae), although two 
sources near the top of the M 3 1 field appear somewhat elon- 
gated in both the F175W and F275W images. These two stars 
have been flagged in our catalog (Table 2), and are discussed 
further in §3.2. One does not expect to resolve planetary nebu- 
lae (PNe) at a distance of 770 kpc. PNe studies (e.g., Schneider 
& Buckley 1996) show that very few PNe have diameters as 
large as 0.8 pc, with most smaller than 0.2 pc. At the M 31 
distance, a PN with a diameter of 0.2 pc would span four FOC 
pixels. 

The in-flight calibration of the FOC F175W and F275W fil- 
ters was done using observations of HZ4 in the 256 x 256 for- 
mat, in conjunction with neutral density filters due to count 
rate limitations (Jedrzejewski 1996). Thus, our exact combi- 
nation of format and filters has not been calibrated directly, and 
this may contribute to some of the systematic uncertainties dis- 
cussed in §3.3. 

While the primary purpose of our observations was to study 
the stellar population, at the same time these new FOC images 
provide the most detailed view of the morphology of the dou- 
ble nucleus of M 31. Planetary Camera (PC) observations by 
Lauer et al. (1993) provided the first clear optical view of the 
double nucleus, and deconvolved FOC UV observations (King, 
Stanford, & Crane 1995) indicated that the twin peaks are not 
due to a dust lane in the center of the galaxy. Our own images 
of M 3 1 (Plate XX) clearly show the nuclei as separate entities, 
also without any evidence of a dust lane. The UV-bright nucleus 
manifests itself as a sharp peak offset from the optically-bright 
nucleus. The peak is clearly not a point source, but appears to 
be a tight cluster of UV bright stars. The color of the UV-bright 
nucleus is mf nsw-mFTisw =-0.34 mag within 0.2", consistent 
with stars of effective temperature 11500 K. For a discussion 
of the M 3 1 nuclei and their respective colors, see King et al. 
(1995) and references therein. 

We note that the small field of view does not include any pre- 
viously published planetary nebulae or globular clusters in the 
inner regions of M 3 1 and M 32, according to a search through 
the SIMBAD database. Observations of these objects are diffi- 
cult so close to the core of a galaxy. 

3. DATA REDUCTION 

3.1. Source Detection 

Source detection and photometry in the FOC images are 
complicated by the strongly varying background. Most exist- 
ing photometry packages, even sophisticated ones, require the 
user to input a uniform counts threshold above which a signal 
is considered a detection. Setting this threshold at a high level, 
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Save figl .jpg as fig 1 .ps using software such as xv 
in order to place the actual plate at this location 
in the preprint. Figure 1 is too large to distribute 
as a postscript file. 



Fig. 1 . — This 3-color image of the M 31 center was created by assigning the FOC F175W image to the blue, the FOC F275W 
image to the green, and an archival WFPC2 F555W image (ID# 5464) to the red. The double nucleus is clearly distinguished, with 
one nucleus brighter in the visible and the other brighter in the UV. The two nuclei are clearly not the result of a dust lane. The hot 
post-HB stars densely populate the field. We note that the F555W image is saturated in the core. 
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Save fig2.jpg as fig2.ps using software such as xv 
in order to place the actual plate at this location 
in the preprint. Figure 2 is too large to distribute 
as a postscript file. 



Fig. 2. — The center of M 32, using the same filters as Figure 1 (the F555W archival image again has ID# 5464). In comparison 
to M 31, the center of M 32 is much smoother and shows far fewer stars. As in the previous figure, the F555W image is saturated in 
the core. 
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appropriate to the noise characteristics in the brighter regions 
of an image, will cause the algorithm to miss fainter sources 
that should be detectable in the low-background regions of the 
image. Setting the threshold at a low level, appropriate to the 
noise in the fainter regions of an image, will cause the algo- 
rithm to find many spurious sources in the bright-background 
regions. 
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FIG. 3- The noise characteristics of the FOC data (crosses) 
in the F/96 512z x 1024 format deviate significantly from the 
Poisson distribution (dotted). Our polynomial fit to the FOC 
standard deviation vs. counts (solid) is used to set a spa- 
tially constant threshold for source detection in the nonuni- 
form galaxy images (see text). 

To work around this difficulty, we produced a galaxy-free, 
constant-noise image for each band in both galaxies, and used 
these "detection" images for source detection. The detection 
images were created by taking the original images, applying a 
median filter (35 x 35 pixels), and subtracting the median im- 
age from the original. The result was a "galaxy-free" image, 
but not one with constant noise characteristics. Next, we used 
our polynomial fit for the variance (Figure 3) to convert the 
median image into a "noise" image, and divided the galaxy- 
free image by this noise image. The result was a galaxy-free 
image where the standard deviation in the background was 
unity across the entire image. We then applied the IRAF task 
DAOFIND, provided under the DAO Crowded-Field Photome- 
try Package (DAOPHOTX), setting our detection limit at 4 a. 
The package looks for local density maxima that meet user- 
supplied criteria for FWHM, roundness, and sharpness. We left 
the criteria for roundness and sharpness at the default settings, 
but after some experimentation, we set the FWHM to 5 pixels 
for each band. Although the PSF seems to vary somewhat from 
image to image (see §2 and Table 1), we wanted to be able to 
detect any nebulae which might not have the narrow PSF of 
a star. While this procedure is effective at pushing the source 
detections to the noise limits of the observations, it has the con- 
sequence that the limiting magnitude is a function of position. 
For most of the subsequent discussion, we limit ourselves to the 
brighter sources and to a region of each galaxy more than 1.5" 
from the nucleus. 

DAOFIND produced source lists for each band. Due to the 
geometric correction, the edges of the FOC detector do not co- 
incide with the edges of the image (see Figures 1 & 2). This 
causes problems with the source detection in the images at the 
detector boundaries, necessitating the rejection of sources along 
the edges of the detector (see Figures 4 and 5). We combined 
the source lists for each band into a master source list for each 



galaxy, but retained the information about the band(s) in which 
each source was detected. Thus, a star that was too faint to be 
a4rj detection in the F175W filter but bright in the F275W 
filter could still produce F175W photometry, and vice versa. 
These matters complicate the characterization of our complete- 
ness vs. magnitude, as we discuss in §3.4. Sources detected in 
both bands were matched by taking the position in one band and 
finding the closest detection in the other band within 3 pixels. 

3.2. Photometry 

We used the STMAG system for our analysis of the FOC 
data. In this system, the image header parameter PHOTFLAM 
defines the inverse sensitivity. The quantities of interest are: 

m = -2.5xlog 10 /A-21.10 

fx = counts x PHOTFLAM/EXPTIME 

m = -2.5 x logio(counfs/EXPTIME) + m 

where EXPTIME is the exposure time, m a is the magnitude that 
produces 1 count per second in the observing mode, and -21.10 
is the magnitude corresponding to a flat flux (f\) of 1 erg s -1 
cm 2 A -1 in the bandpass. The values of PHOTFLAM, EXP- 
TIME, and m a for our data are given in Table 1 . 

For our aperture photometry, we used the IRAF task PHOT, 
also provided under the DAOPHOTX package. In each band for 
each galaxy, we used a circular aperture with a radius of 3 pixels 
(0.042"), centered on the coordinates found during detection. If 
the source was detected in both bands, the coordinates used for 
the photometry in a given band matched those determined dur- 
ing detection in that band. If the source was detected in only 
one band, then those coordinates were used for the photome- 
try in both bands. We did not recenter during the photometry, 
because a star might be very faint in one band while bright in 
the other, possibly resulting in an erroneous shift to a nearby 
local maximum in the faint band photometry. Sky subtraction 
was performed by taking an annulus with an inner radius of 
15 pixels and an outer radius of 20 pixels; the background level 
was taken to be the centroid of the histogram of pixel intensities 
within that annulus. By applying varying apertures to isolated 
stars, we found that an aperture correction of -0.56 mag was 
needed for the F275W photometry and an aperture correction 
of -0.61 mag was needed for the F175W photometry. 

Our photometric catalogs were edited to reject stars within 
1.5" of the center in each galaxy (see Figures 4 and 5), because 
the spurious sources found near the cores would be very bright 
(see §3.4). Furthermore, because a star could be detected in 
one band but not the other, if the photometry failed in either 
band for a star, it was also rejected. Failed photometry oc- 
curred if the counts in the 3-pixel aperture were not positive 
after subtraction of the sky background. Our source catalogs 
are shown in Tables 2 and 3, truncated at the detection limits 
of nif 175H/ = 24.5 mag and m^risw = 25.5 mag (see §3.4). We 
also plot maps of these catalogs in Figures 6 and 7, to show the 
distribution of these stars in our fields. Note that in Tables 2 
and 3, a ":" in a magnitude denotes a measurement on a star 
that was not originally detected in that band. 

The two brightest stars in our photometric catalog for M 3 1 
have been flagged in Table 2 because of photometric prob- 
lems (the brightest is marked "a" and the next brightest "b"). 
For consistency, their values in the table are the result of our 
standard reduction procedure, but there are two problems that 
would change these values. First, the stars appear somewhat 
elongated in both FOC bands, and thus the aperture corrections 
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Fig. 4- A schematic of our M 31 analy- 
sis clarifies the complicated procedures 
described in the text. We reject sources 
near and beyond the edge of the detec- 
tor (dashed) because the source detec- 
tion algorithm is confused by the abrupt 
change at the detector boundary. We 
also reject sources detected within 1.5" 
(larger circle) of the core (cross). The 
flux within 1.4" (smaller circle) of the 
core is used to investigate any system- 
atic errors in the FOC calibration. Re- 
gions "A" (dotted rectangle centered on 
core) and "B" (dotted semicircle and 
rectangular region) can be used to ap- 
proximate the 10 x 20" oval WE aper- 
ture, by taking A+2B. North and East on 
the sky are shown by the compass. 
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FIG. 5- The same as Figure 4, but for 
M 32. Because the M 32 core is placed 
closer to the center of our FOC images 
than was the case with M 31, we define 
the WE aperture at a different orienta- 
tion. 
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FIG. 6- The photometric catalog of 
M 31 (Table 2) plotted on the FOC 
field. A cross denotes stars with 20.5 < 
mpnsw < 21.5, an asterisk denotes stars 
with 21.5 < niFnsw < 22.5, a diamond 
denotes stars with 22.5 < nifnsw < 
23.5, and a triangle denotes stars with 
23.5 < mFmw < 24.5. 
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for each band do not fully correct the 3-pixel flux to the total 
flux in these stars. Second, the central pixel in each star may 
have "wrapped" twice instead of once in two out of the three 
F275W frames (they did not wrap at all in the F175W frames). 
The additional wraps would require that -0.06 mag be added 
to the nif2i5w values for these two brightest stars in the table. 
The elongation of the stars means that the aperture corrections 
for star "a" could be -0.97 mag for m Fil5W and -0.80 mag for 
m F 2i5w, and the aperture corrections for star "b" could be -0.75 
mag for ttifmsw an d -0.68 mag for m F 2isw, instead of the nom- 
inal -0.61 mag and -0.56 mag for m F ns W and mmsw- Because 
it is unlikely that these stars are resolved PNe and because the 
PSF does not seem to vary with field position (see §2), these 
stars might be merged images of two or more stars. 

We note that the FOC cameras suffer from nonlinearity at 
high count rates (Note et al. 1996), and that the M 32 F275W 
image may be affected by this nonlinearity in the galaxy core. 
For uniform illumination in this format (F/96 512z x 1024), the 
maximum count rate for linearity is 0.04 cts s" 1 pix" 1 . Nota et 
al. defines uniform illumination as varying by "less than 20% 
over scales of 20 pixels." The count rate limitation for linear- 
ity is much higher in the case of nonuniform illumination from 
stars, where the central pixel should not have a count rate ex- 
ceeding w 1 ct s" 1 pix" 1 . The M 32 core is sharply peaked and 
varies by more than 20% over scales of 20 pixels, but the core is 
not nearly as peaked as a stellar PSF. The peak count rate in the 
core of M 32 is 0.09 cts s" 1 pix" 1 , and so it is likely that there 
is some loss of counts in the very center of the M 32 F275W 
image. However, given its uncertain nature, we do not correct 
for the nonlinearity. It does not affect our stellar photometry, 
because we have discarded stars within 1.5" of the galaxy cen- 
ter. 

3.3. Photometric Uncertainties 

Our chosen combination of camera parameters is not fre- 
quently used during FOC observations. Hence its sensitiv- 
ity calibration has not been subjected to as many consistency 
checks as found in other bandpasses. Meurer (1995) estimates 
that, in general, UV photometry with the FOC is accurate to 
« 0.2 mag. A review of his Instrument Science Report (ISR) 
and other ISRs available on the Space Telescope Web page 
(e.g., Jedrzejewski 1996) suggests that systematic errors in cal- 
ibration of up to ~ 0.2 mag are not implausible. 

The absolute calibrations of the F175W and F275W filters 
were done in a different FOC format from our observations, 
and through neutral density filters (which were calibrated by 
separate in-flight measurements). Ground-based and in-flight 
measurements have shown that the FOC sensitivity depends on 
the image format, for reasons that are not completely under- 
stood. The format correction for our observations is a multi- 
plicative factor of 1.25, as recommended in Greenfield (1994). 
The major source of uncertainty in the calibration is this format 
correction, which should be wavelength independent. 

Given these uncertainties, we chose to test how well our FOC 
photometry agrees with other measurements. There are several 
possible tests: (1) the magnitudes of the brighter point sources 
can be compared to previous FOC results; (2) the magnitudes 
of the brighter point sources can be compared to photometry of 
the same sources with WFPC2; (3) the total flux of the M 3 1 and 
M 32 nuclei can be compared to results from IUE and WFPC2. 
We discuss these consistency tests in detail below. 



3.3.1. Comparison to Previous FOC results 

The current calibration of the FOC is much more certain than 
that of the pre-COSTAR FOC; the ISRs on the STScI web page 
describe the various uncertainties in both the pre-COSTAR and 
refurbished FOC. The previous FOC observations of M 3 1 and 
M 32 utilized the pre-COSTAR F/48 camera, and was subject 
to two large uncertainties in the calibration. First, the lack of 
neutral density filters in this mode prevented direct calibrations 
with IUE standard stars (as done for the F/96 camera). Sec- 
ond, the cross-calibrations between F/96 and F/48 were com- 
promised by the early failure of the F/48 detector. On top of 
these uncertainties unique to the F/48 camera, the photometry 
in both pre-refurbishment FOC cameras required large encir- 
cled energy corrections. 

With these uncertainties in mind, we compare some of our 
bright point sources to those found in the M 31 King et al. 
(1992) analysis. There are 19 stars in the King et al. photomet- 
ric catalog (King, private communication) that can be found in 
our own F175W image of M 31. Although our 14 x 14" field 
contains 3 1 of the stars found in the 44 x 44" field of King et 
al., the differences in geometric correction between the old and 
new cameras prevent us from securely matching all of the King 
et al. sources to ones in our own field. King et al. (1992) de- 
fine the correspondence between their magnitudes and the flux 
at 1750 A as: 

fx = 7.6 x 10" 17 x io-C"" 27 - 60 ) 72 - 5 
while under the STMAG system, as defined in §3.2, we have 

f x = io-( m+2L10 > /2 - 5 . 

The King et al. (1992) fluxes are (on average) a factor of 
5.6 higher than ours for sources in common. We suspect that 
much of this discrepancy is due to the difficulty of working with 
pre-refurbishment data. Another factor is the format-dependent 
sensitivity (Greenfield 1994), which was unknown at the time 
of the King et al. (1992) work. King et al. assumed that the FOC 
sensitivity was 80% of nominal, when in reality the zoomed 
format was 1.44 times more sensitive. Thus, the King et al. 
(1992) fluxes should be multiplied by 0.8/1.44 = 0.56, and the 
factor of five discrepancy with our own measurements falls to a 
factor of three. In contrast, the Bertola et al. (1995) recalibra- 
tion makes these stars brighter than determined by King et al. 
(1992). Hence the current FOC calibrations imply a substan- 
tial revision to the conclusion that the resolved sources in the 
previous FOC images are low-mass PAGB stars. 

Although the Bertola et al. (1995) images of M 3 1 and M 32 
include sources in common with our own images, we find that 
their revisions to the pre-COSTAR F130LP+F150W FOC cal- 
ibration are seriously in error. If the sensitivity of the pre- 
COSTAR FOC was degraded to the level claimed by Bertola 
et al., 61 stars found in their M 31 image would also be de- 
tectable in archival WFPC2 F160BW images of M 31 (12000 
sec exposure) at a S/N ratio of at least 10 (and as high as 30), 
assuming the stars to be hot (T e ff=30000 K) PAGB stars. There 
are no such bright stars in the F160BW image. In contrast, if 
we use the nominal FOC calibration for the stars detected in our 
own F175W image to predict the count rates in the F160BW, we 
find that our brightest star would be present at a S/N ratio of 3 
in the F160BW, with most having a S/N ratio less than 2. Thus, 
our photometry is in agreement with the F160BW data, which 
shows no obvious sources in the field. 
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Because the previous FOC photometry is prone to such large 
errors, we choose to compare our data with much more reliable 
WFPC2 and IUE measurements, as discussed in the next two 
sections. 

3.3.2. Comparison to WFPC2 photometry of point sources 

M 31 was observed by WFPC2 for 3000 sec through the 
F300W filter and 460 sec through the F336W filter. We reduced 
the observations following standard procedures, and measured 
star magnitudes through a 0.14" radius aperture, adopting an 
aperture correction of -0.24 mag (Holtzman et al. 1995). There 
are 48 bright stars common to all four UV images available 
(F175W, F275W, F300W, F336W) in the FOC and WFPC2 
data. These stars show an average m F - mpxisw color of 
-0.26 mag with an rms dispersion of 0.43 mag. 

The FOC colors correspond to stars with effective temper- 
ature 10500 K, on the cool end of the populations we are 
studying in these FOC UV images, but in line with expecta- 
tions when we are looking at stars that also appear in the red- 
der WFPC2 filters. A star with an effective temperature of 
10500 K would have a m? xi5w - niF300w color of -0.01 mag, 
whereas the measured colors average 0.23 mag (rms = 0.34 
mag) for these stars, i.e., the FOC magnitudes would need to be 
0.24 mag brighter to produce FOC-to-WFPC2 colors that agree 
with the FOC colors. At the same effective temperature, the 
7WF300W _ niF336w color should be -0.05 mag, and we measure 
it to be 0.06 (rms 0.47 mag). So, the internal WFPC2 colors 
of these 48 stars are more in line with the internal FOC colors 
than the FOC-to-WFPC2 colors. These comparisons would ar- 
gue that the FOC photometric zero-point for our observations 
is too high. That is, the F275W magnitudes should be brighter 
than we observe by 0.24 mag. As this is most likely due to the 
format dependence, such a correction would affect both FOC 
bands. We shall see below that such a correction to the F175W 
sensitivity would put the F175W fluxes of the two galaxy nuclei 
rather seriously in disagreement with the IUE results. 

Taken at face value, the red mmsw -»Jf30(w colors would 
imply stars of effective temperature 5000 K to 10000 K. This is 
inconsistent with the blue FOC colors for the same sources and 
with their non-detection in the WFPC2. For a star of 5000 K, 
the count rate in F814W would be 75 times higher than in 
F300W, and all of these stars would be detected at signal-to- 
noise ratios of 5-170 in the F814W image. These stars are 
no brighter than the 5 a level at their positions in the WFPC2 
F814W image. 

3.3.3. Comparison to IUE and WFPC2 Photometry of the 

Nuclei 

The integrated fluxes of the central regions of the two galax- 
ies in our FOC images can be compared to photometry from 
WFPC2 and to fluxes measured by IUE. The comparison is 
complicated by the large corrections that need to be applied to 
compare the IUE and FOC fluxes in equivalent aperture sizes. 

Unsaturated archival WFPC2 data for the M 31 and M 32 
cores exist in the F160BW, F300W, F336W, F555W, and 
F814W bands. Unfortunately, in the F160BW filter, M 32 is 
invisible and M 3 1 is barely detectable, so we discarded these 
far-UV WFPC2 data and used the other WFPC2 bands. Com- 
posite UV+Optical spectra of the cores of M 31 (McQuade, 
Calzetti, & Kinney 1995) and M 32 (Calzetti, private commu- 
nication) were fed through the IRAF package S YNPHOT to de- 
termine the expected colors of the nucleus as seen in the FOC 



and WFPC2 bands available to us (Table 4). These composite 
spectra were spliced together from aperture-matched IUE and 
ground-based data. The IUE aperture sampled a large 10 x 20" 
area centered on each galaxy nucleus. We extended these spec- 
tra beyond 7500 A, to 12000 A, by defining a flat continuum 
that reproduced the WFPC2 mfsssw - twfsiw colors in each 
galaxy. This red extension for each spectrum was only needed 
to reproduce the red leak contributions properly for the various 
FOC and WFPC2 filters. 

After using SYNPHOT to compute the predicted FOC and 
WFPC2 count rates for a 10 x 20" aperture centered on the nu- 
cleus, we measured the count rate in the archival WFPC2 data 
and our own FOC data, using an aperture with a diameter of 
2.8" centered on the galaxy cores (see Figures 4 and 5). We 
chose an aperture of this smaller size to reduce the systematic 
errors introduced from our background assumptions. The SYN- 
PHOT predicted count rates were then normalized to agree in 
the visual (F555W), accounting for the difference in aperture 
sizes. In Table 4 we show the net count rate in this aperture 
for each of the images, as well as the gross count rate, dark 
count rate, and sky count rate. Dark counts were subtracted 
from the WFPC2 data in the pipeline processing (hence the 
zero values in the table); for the FOC dark counts, we used the 
nominal value of 7 x 10~ 4 cts s" 1 pix" 1 from Nota et al. (1996), 
and this agrees well with the value determined independently 
from those portions of the detector occulted by the FOC "fin- 
gers" (see Figures 1 & 2). The sky contributions came from 
running SYNPHOT with the STScI sky template for high zodi- 
acal and high Earth shine. We chose high sky values because 
of the small sun-angle during these observations (w 60°); how- 
ever, because of the small aperture we are using (2.8" diame- 
ter), choosing lower values of sky background would produce 
negligible changes in our results (Table 4). We note that the 
WFPC2 data were cosmic ray rejected using the IRAF package 
CRREJ, and were also corrected for hot pixels using the IRAF 
package WARMPIX. 

In Table 4, comparison of the predicted IUE count rates in 
each HSrband vs. the net measured count rates suggests a dis- 
crepancy in the F275 W flux, in the same sense as that discussed 
above. That is, it appears that the flux in F275W is about 25% 
lower than expected, based on the WFPC2 observations. How- 
ever, it appears that the F175W flux is reasonably close to ex- 
pectations based upon IUE and WFPC2 measurements. There 
is a radial color gradient in each of these galaxies, so we do 
not expect a completely flat net/predicted (2.8"/10x20") count 
rate ratio all the way from the UV to the visual; it is evident 
in Table 4 that these galaxies become redder with increasing 
radius. However, the F275W count rate is noticeably shifted 
with respect to the neighboring F175W count rate (in the FOC) 
and the F300W count rate (in the WFPC2). The M 31 F275W 
net/IUE count rate ratio requires multiplication by 1 .25 in or- 
der to bring it into agreement with the ratio in the neighboring 
bands, and the M 32 F275W neXjIUE count rate ratio requires 
multiplication by 1 .43. However, the central region of the M 32 
F275W image has a count rate that probably falls in the non- 
linear regime for FOC extended sources (see §3.2), and this 
effect may be decreasing the number of counts measured in the 
2.8" aperture; the M 31 nucleus should not be suffering from 
this nonlinearity. Hence, the data in Table 4 might suggest that 
the nominal F275W values of PHOTFLAM (9.38 x 10" 18 ) and 
m (21.47 mag) should be respectively multiplied by 1.25 and 
shifted by -0.24 mag in order to agree with predictions from 
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IUE. 

To summarize, we have compared our FOC photometry to 
photometry from WFPC2 archival images and to spectropho- 
tometry from IUE. We find evidence for systematic discrepan- 
cies at the 0.25 mag level. However, applying such a correction 
would produce stellar colors that are incompatible with WFPC2 
photometry and with plausible stellar evolutionary tracks. As 
we cannot identify an obvious flaw in the sensitivity calibra- 
tion (Jedrzejewski 1996) that would lead to a systematic differ- 
ence between F275W and F175W, we have chosen to adopt the 
pipeline FOC sensitivity calibration with no additional correc- 
tions. We must caution that our interpretation rests rather heav- 
ily on this calibration. In a sense, we have taken the approach 
of adopting the nominal calibration to see where it leads, in 
spite of the disturbing inconsistencies with other observations. 
Further calibrations of the FOC and/or observations of these 
galaxies with STIS will be required to sort out the calibration 
issues with greater certainty. 

3.4. Completeness and Spurious Sources 

At the 4 a detection limit, the faint sources in our catalog 
represent only a small fraction of those actually present in the 
population. Furthermore, many spurious sources are detected 
through local maxima in the noise of the background. To prop- 
erly characterize the completeness of our photometric sample 
and the contamination from spurious sources, we ran photome- 
try simulations of the FOC data. 

To characterize the completeness for a given band in one of 
the galaxies, we created a blank image frame and added 10 stars 
(one for each magnitude from 21 to 30) at random positions us- 
ing the PSF sizes listed in Table 1. We then block summed 
the image along one axis (combining every 2 pixels into one), 
added Poisson noise, dezoomed the image back to 1024 x 1024 
pixels, and applied the geometric correction for the FOC. This 
process gave the "fake" stars the proper distortion and noise 
characteristics. We then added this image of fake stars to the 
true FOC image of the galaxy, and performed our source de- 
tection and photometry to attempt recovery of these fake stars. 
The entire simulation was repeated 100 times, and the result- 
ing photometric records allowed us to determine the complete- 
ness of our sample as a function of the photometric magnitude. 
These results are shown in Table 5, along with the standard de- 
viation in the recovered magnitudes. The recovered magnitudes 
for the fake stars also provided an independent measurement of 
the aperture correction, and this was in agreement with the cor- 
rection determined from direct measurement on isolated stars 
(§3.2). 

The spurious source characterization proceeded in a similar 
manner. Starting with the actual galaxy image, we corrected 
the flux between the edge of the detector and the image border 
to match that on the detector, and then applied a 35 x 35 me- 
dian filter to remove all of the stars from the image. We then 
block summed this image along one axis, added Poisson noise, 
dezoomed, and applied the geometric correction. This last step 
of applying the geometric correction restores the gap between 
the detector edge and the image border. Next, we applied our 
source detection and photometry to this image and recorded the 
number of stars found at each magnitude from 21 to 30. The 
simulation was repeated 100 times, and allowed us to determine 
the average number of spurious sources found at each magni- 
tude (the median filtering of the image meant that any detected 
source, by definition, would be spurious). We took the average 
number of spurious sources and divided by the actual number 



of sources found in that galaxy image to determine the contam- 
ination from spurious sources (Table 5). The contamination at 
very faint magnitudes exceeds 100% because of slight differ- 
ences between the simulation "sourceless" images and the real 
image. For example, a fraction of the area in the real image is 
taken up by the PSFs of bright stars that are not present in the 
sourceless images. Also, the median filter will slightly redis- 
tribute the flux in the bright stars to the background. Finally, 
the background in the galaxies is comprised mainly of hori- 
zontal branch stars that are below the detection limits, present- 
ing a non-uniform background. Thus, although the simulation 
sourceless images have very nearly the same background char- 
acteristics as the real images, they are not exactly the same, and 
so the spurious source contamination at faint magnitudes only 
serves as a guide for the limits to our real photometry. 

As evident from Table 5, the completeness and spurious 
source contamination is very similar for the two galaxies, while 
a comparison of the different bands shows that the F275W 
band reaches fainter than the F175W band. Based upon our 
simulations, we find that our photometry is reliable down to 
ff iFi75w=24.5 mag and m/r275w=25.5 mag, beyond which the 
number of detected sources drops rapidly and the contamina- 
tion from spurious detections increases significantly. 

Because the galaxy background varies dramatically over the 
entire image, and is very large in the cores of the galaxies, 
our completeness and spurious source contamination is a func- 
tion of position in each image, and the spurious sources in the 
very centers of the galaxies are very bright. These bright spuri- 
ous sources will not be rejected by discarding stars fainter than 
wiFi75w=24.5 mag and m/r275w=25.5 mag; the limits only repre- 
sent the average characteristics of the image. Color magnitude 
diagrams that include the inner 1.5" of each galaxy thus show a 
well-resolved group of bright sources, separate from the rest of 
the population. We assume that these sources are spurious (and 
not an unusual class of stars residing in the galaxy cores), and 
so we discard sources that lie within 1.5" of the center of each 
galaxy. Our completeness and spurious source contamination, 
shown in Table 5, reflects the discarding of these sources. 

It is important to note that our completeness and spurious 
source contamination has been defined using detection and pho- 
tometry in a single band. Without making assumptions about 
the colors of the stars we are simulating, this is the only way to 
characterize our photometry. However, our photometric catalog 
includes more faint stars in each band than expected from the 
completeness simulations, because a star that is fainter than a 
4 a detection in one band might have been detected in the other 
if it was bright in the other band. For this reason, our luminos- 
ity functions (LFs) in each band only include sources that were 
detected in that band, as discussed in §4.2. 

4. ANALYSIS 
4. 1 . Distribution of Diffuse and Stellar Light 

If the UV-bright stars are drawn from a population that is dif- 
ferent from the diffuse population (either in age or metallicity), 
differences might be detected in the distribution of diffuse light 
and stellar light in these galaxies. In Figure 8, we show the dis- 
tribution of diffuse light as compared to the distribution of light 
from bright stars. 

We define bright stars as those detected at luminosities 1 mag 
brighter than the detection limits in a given band; e.g., the 
F275W bright stars are those stars detected in F275W with 
magnitudes brighter than m F2 i5w = 24.5 mag. Fainter stars were 
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excluded from the analysis to minimize contamination from 
spurious sources and to ensure that the completeness of the 
sample did not vary with position in the images. To measure 
the diffuse light in the FOC images, we removed a 4-pixel ra- 
dius area around each of the bright stars, replacing it with the 
median value in the area outside of this radius and bounded by a 
15x15 pixel square. The diffuse light in each annulus was then 
measured after subtracting the dark counts and sky background 
(assuming high zodiacal and high Earth shine, as discussed in 
§3.3). The distributions of diffuse light and bright stellar light 
were measured in annuli chosen to keep the number of bright 
stars in each annulus constant; in this way, the statistical uncer- 
tainty in each annulus (due to the small number of bright stars) 
can be kept approximately constant. There are 25 bright stars 
in each M 31 annulus, and 7 in each M 32 annulus. 

Although the distributions of stars are noisy, it is apparent 
that the light from UV-bright stars is more tightly concentrated 
toward the galaxy centers than the diffuse light. The trend has 
also been seen in previous studies (cf. Bertola et al. 1995). It is 
well-known that metallicity gradients exist in early-type galax- 
ies, in the sense that the metallicity decreases with distance 
from the center (cf. Gonzalez & Gorgas 1995 and references 
therein). If the UV-bright post-HB stars are more easily pro- 
duced at higher metallicities, it would make sense that they 
would fall off more rapidly with radius than the underlying dif- 
fuse light. This is because the diffuse light has contributions 
from the main sequence turnoff and any metal-poor HB pop- 
ulation (if present). The luminosity of the main sequence is 
affected by the metallicity to a much smaller degree, and in the 
opposite sense (i.e., it becomes brighter at decreasing metallic- 
ity); the metal-poor blue HB population would become more 
prominent as we move outward with decreasing metallicity. 
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FIG. 8- The ratio of flux in bright stars to the flux in dif- 
fuse light shows a rapid decline with radius in the galaxies. 
UV-bright stars are defined as those 1 mag brighter than the 
detection limits in each band, and were chosen to ensure that 
the completeness remained constant with position, and also 
to reject any spurious sources from our analysis. The sizes of 
the annuli were chosen to keep the number of stars constant 
in each annulus, in order to provide fairly uniform statistical 
uncertainties from bin to bin. Each M 3 1 annulus contains 
25 UV-bright stars, and each M 32 annulus contains 7 UV- 
bright stars. Error bars reflect statistical uncertainty in both 
the number of stars and counts, but are dominated by the 
number of stars. 



4.2. Luminosity Functions 

The photometric analysis on each galaxy yielded catalogs of 
stars in M 31 and M 32. However, as noted in §3.1, the catalog 
in each galaxy is made up of many stars that were detected (at 
4 a) in only one band but have photometry in both bands. With- 
out making assumptions regarding the color of the population, 
we can only characterize our detection limits using simulations 
in one band (see §3.4), so we create a luminosity function for 
a given band by drawing upon only those stars in our catalog 
that were detected in that band. Knowledge of the star from 
the other band is ignored in this analysis, and so, for example, 
a bright star in F175W that is fainter than niF2i5w = 25.5 mag 
will be included in the F175W histogram. In that way, we can 
compare histograms while using what we know about the com- 
pleteness and spurious source contamination. 

The raw LF for each galaxy in each band is shown in Fig- 
ure 9. Although we could correct for the completeness and 
spurious source contamination (Table 5) to plot a "corrected" 
LF for each band, this is not necessary, because the complete- 
ness and spurious source contamination are approximately the 
same for the different galaxies in each band. The raw LFs can 
be directly compared without these corrections. 

The LFs in a given band look similar when we compare the 
two galaxies. None of the LFs peak before the sample becomes 
seriously incomplete and contaminated, but a comparison of the 
slopes shows no dramatic differences between the stellar popu- 
lations in each galaxy. From the LFs alone, we could conclude 
that the UV-to-optical light ratio is weaker in M 32 compared to 
M 3 1 simply because there are about half as many UV sources 
in M 32, and not because these sources are derived from a dif- 
ferent population. 

Our LFs demonstrate that the UV-bright populations in M 3 1 
and M 32 are not dominated by PAGB stars (assuming that 
they are free of strong circumstellar extinction). If all of the 
UV-bright stars were following PAGB tracks, we would ex- 
pect to observe bright peaks in the luminosity function, well 
above our detection limits; instead, we see LFs that rise sharply 
and monotonically at decreasing luminosity. For example, we 
show in Figure 10 synthetic luminosity functions for a popula- 
tion of stars entering a low-mass (0.569 M Q ) PAGB track and 
an intermediate-mass (0.633 M Q ) PAGB track (Vassiliadis & 
Wood 1994) at the maximum rate allowed in the center of M 3 1 
under the fuel consumption theorem. For old stellar populations 
(age > 10 10 yr), the number of stars evolving through any evo- 
lutionary phase cannot exceed 2.2 x 10" 11 stars Lq yr" 1 (Greg- 
gio & Renzini 1990). We compute the bolometric luminosity 
in a given aperture by measuring the F555W WFPC2 flux, cor- 
recting for the 0.06 mag color offset between the F555W fil- 
ter and the Johnson V band, and using a bolometric correction 
(BC) of -1.25. This BC is consistent with a stellar popula- 
tion of age 12 Gyr and [Fe/H] = 0.25 (Worthey 1994), and was 
chosen on the assumption that the centers of M 3 1 and M 32 
are dominated by old, metal-rich populations. Younger pop- 
ulations would have a smaller BC (e.g., —1.13 for an age of 
8 Gyr), as would populations with less metallicity (e.g., -0.96 
for [Fe/H] = 0.0), but these effects are not very significant for 
our purposes here. The magnitudes in each band are computed 
with the IRAF package SYNPHOT, using appropriately red- 
dened and normalized Kurucz (1992) synthetic spectra. The 
PAGB tracks begin after the thermally pulsing (TP) phase, at 
T e ff = 10000 K, and so miss the UV-faint contribution from the 
rapid evolution up the AGB and through the TP, but qualita- 
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FlG. 9 . — The raw luminosity functions for each image shows that the LFs for M 3 1 (upper panels) look similar to the LFs for M 32 
(lower panels). These luminosity functions have not been corrected for completeness and spurious source contamination, because 
these characteristics are the same for each galaxy in a given band. The luminosity function for a given band only draws upon those 
sources in the catalog that were detected in that band. The LF for a given band also includes those stars not found in our catalogs that 
were fainter than the detection limit in the other band. Note that the scale in the M 32 luminosity functions is half that in the M 3 1 
luminosity functions. 



tively the LFs should be valid. Circumstellar reddening in the 
early phases of PAGB evolution could alter the appearance of a 
PAGB -dominated LF if the stars are hidden behind dust shells 
during their earliest and brightest phases (see §5.4). Figure 10 
also demonstrates that only a dozen or so intermediate-mass 
PAGB stars could be detected in our M 31 images, while ap- 
proximately 100 longer-lived low-mass PAGB stars could be 
detected in these images. The stellar population in M 31 and 



M 32 cannot be dominated by low-mass PAGB stars, because 
they would be detected in significant numbers in our images, 
unless these stars are hidden by circumstellar extinction (see 
§5.4). More massive PAGB stars (> 0.633 M Q ) could dominate 
the stellar population in these galaxies but not that fraction of 
the population above our detection limits, because they rapidly 
evolve through their brightest phases. We stress this distinction 
between PAGB domination of the detected UV-bright popula- 
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FlG. 10. — The luminosity functions for stars entering a 0.569 M Q PAGB track (top panels) and a 0.633 M Q PAGB track (bottom 
panels) show that PAGB stars are not the dominant component to the populations detected in our FOC images. The scaling was 
chosen to match the population size allowed under the fuel consumption theorem in the center of M 31; the 0.633 M Q stars evolve 
more rapidly and so fewer would be found above our detection limits at a given evolutionary rate. The characteristic shape of these 
LFs (flatter than we observed, with peaks significantly above our detection limits) would be easily detected in the M 31 and M 32 
data, implying that our detected UV sources are not dominated by PAGB stars. 



tion, and PAGB domination of the entire population, which is 
certainly plausible (and indeed likely, as explained in §5.3). A 
survey using a wider field of view, perhaps with STIS, would be 
able to detect intermediate-mass (0.633 M Q ) PAGB stars if the 
survey reached as deep as our FOC data; for example, given 
a program that sampled a 100 x 100" field, 296 PAGB stars 
would be detected in M 3 1 and 52 would be detected in M 32. 

4.3. Color Magnitude Diagrams 

We plot the color-magnitude diagrams for M 3 1 and M 32 
in Figures 11 and 12. In each figure, we also plot the evo- 
lutionary tracks of Dorman, Rood, & O'Connell, (1993) for 
solar-metallicity post-EHB stars (0.471-0.520 M ) and the 
evolutionary tracks of Vassiliadis & Wood (1994) for solar- 
metallicity H-burning PAGB tracks (0.569-0.900 M Q ). The 
AGB evolution prior to the Vassiliadis & Wood tracks is not 
shown, due to uncertainties in the thermally pulsing phase and 
mass loss on the AGB. Although we plot all sources down to 
mmsw = 25.5 mag, the thick black line denotes the limiting 
magnitudes as determined in §3.4. The errors for a star of 
a given magnitude vary depending upon the local sky back- 



ground, and so we show average 1 a error bars as a function 
of photometric magnitude. The hottest EHB track (0.471 M©) 
plotted has an envelope mass of 0.002 M Q , and at its brightest 
is too faint to be detected in our FOC images. Stars of lower en- 
velope mass are possible and are detected in the Galactic field 
(cf. Mitchell et al. 1998 and references therein), but were not 
included in the models of Dorman et al. (1993) due to compu- 
tational limitations. 

The FOC magnitudes in the tracks are computed by taking 
the closest Kurucz (1992) synthetic spectrum for the given evo- 
lutionary track step, correcting the absolute flux level to ac- 
count for the mismatch in temperature and gravity between 
the Kurucz grid and the evolutionary track, applying redden- 
ing (Cardelli, Clayton, & Mathis 1989) due to extinction in our 
own Galaxy (see Table 1), normalizing as appropriate to the dis- 
tance (see Table 1), and then running the IRAF STSDAS pack- 
age SYNPHOT. We note that the extinction is a large source 
of uncertainty in our analysis. For the foreground extinction 
due to reddening in our own Galaxy, values in the literature 
vary from 0.035 < E(B- V) < 0.11 mag (Tully 1988; McClure 
& Racine 1969; Burstein et al. 1988; Ferguson & Davidsen 
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FlG. 11. — The color-magnitude diagram for M 31 shows stars (boxes) arising from a broad distribution of masses (labels) on 
the HB. The post-EHB evolutionary paths from Dorman et al. (1993) and the PAGB paths of Vassiliadis & Wood (1994) are plotted 
in light grey. Stars should avoid the shaded region where the evolution is relatively rapid, but this region falls below our limiting 
magnitudes (solid black line) and is also blurred out by the large statistical uncertainty (error bars) for these faint magnitudes. The 
AGB is not shown due to uncertainties in the mass loss on the AGB and in the thermally pulsing stage at the end of the AGB. 



1993; Burstein & Heiles 1984). Furthermore, internal extinc- 
tion in the centers of M 3 1 and M 32 is certainly plausible (cf. 
Bianchi et al. 1996 and Ciardullo et al. 1988), and may even 
be patchy in the center of M 3 1 . A fraction of these stars may 
also have circumstellar extinction from dust shells ejected dur- 
ing their evolution (e.g., as planetary nebulae); the timescale 
for the "thinning" of such circumstellar extinction (at least in 
the optical bands) is very uncertain. We explore PAGB circum- 
stellar extinction in §5.4. 



The most important aspect to note about this diagram is that 
the tracks leaving the blue extreme of the horizontal branch ap- 
pear to be populated. These post-EHB stars are the same hot 
subdwarfs seen in our own Galactic field, and our FOC images 
represent the first time these stars have been directly detected 
outside of our own Galaxy. 

As stars evolve from the HB and toward eventual death on 
the white dwarf cooling track, they spend the longest fraction 
of time on the HB itself (note that the HB falls below the bot- 
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Fig. 12. — The color-magnitude diagram for M 32 appears very similar to the M 3 1 CMD (Figure 11). The only notable distinctions 
here are the fewer number of stars and the lack of red stars. 



torn of Figures 11 & 12). Upon core helium exhaustion, stars 
will either ascend the AGB (not shown in the figures) or one of 
the post-EHB tracks (following either AGB-Manque or post- 
early- AGB behavior). The evolution upon leaving the HB is 
relatively rapid, but then slows down again, before proceeding 
to the white dwarf cooling curve. Thus, a gap should appear 
in a CMD of post-HB stars. We show this gap as a shaded 
region in Figures 1 1 and 12; it is obvious in population simula- 
tions (cf. §5.2 and Figure 15). Unfortunately, our CMDs do not 
reach deep enough to detect this gap; most of the stars below 
the thick black line in the figures are either spurious sources 
or have large statistical uncertainties, thus blurring any gap if 



present. 

Because these evolved stars spend the vast majority of their 
time on the HB before proceeding to their later phases, we are 
resolving only a small fraction of the UV flux in these CMDs 
(as discussed in §5.3). For every star we detect in the relatively 
rapid post-HB phases, there are many more sitting on the hori- 
zontal branch. Until a CMD extends to the HB, most of the UV 
flux in these galaxies will remain unresolved. 

Main sequence stars or blue stragglers are unlikely contrib- 
utors to the population shown in our CMDs. In Figure 13, we 
show the M 3 1 CMD, but now plot the main sequence instead 
of post-HB stars. The zero-age main sequence (ZAMS) is com- 
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puted from solar-metallicity tracks of Bressan et al. (1993), and 
is labeled with the masses of the stars at selected points. Al- 
though the main sequence passes through the population of de- 
tected stars, our detected stars do not appear to be clumping 
around the ZAMS. This is in line with expectations, because 
stars of such high mass would be extremely young; the approx- 
imate turnoff ages corresponding to each of the masses in the di- 
agram are: 25 Myr (9 M ), 40 Myr (7 M Q ), 50 Myr (6 M Q ), 80 
Myr (5 M Q ), 125 Myr (4 M©), and 250 Myr (3 M ). Although 
the stars near the detection limit could possibly be 250 Myr old 
main sequence stars, it seems implausible that star formation 
stopped so recently and abruptly in M 31 and M 32. Blue strag- 
glers, the possible result of binary mergers, could conceivably 
contribute at the detection limits, because a 3 M Q blue strag- 
gler could be the product of two 1.5 M© stars of 2 Gyr age, 
but brighter than these limits their contribution becomes less 
plausible. 

Figures 11 and 12 show what may be a few fading PAGB 
stars along the left hand side of the diagram. Such stars may 
show significant emission lines from any surrounding plane- 
tary nebulae, and we note that the stellar spectra used to trace 
the tracks in the CMDs do not account for such emission lines. 
The presence of strong lines would tend to move the stars to the 
left (blue) and up (brighter) in the CMDs, because the strongest 
lines fall well within the F175W bandpass. For example, in 
the well-studied planetary nebula NGC 7662, the line strengths 
of C IVA1549 and C III] A 1908 relative to [O III]A5007 are ob- 
served to be 0.553 and 0.289, respectively (Osterbrock 1989). 
Ciardullo et al. (1989) measured [O III]A5007 for planetary 
nebulae in the M 31 bulge to have a range of 20.31 < m5oo7 < 
24.53 mag, translating to 2.40 x 10" 14 > F 500 7 > 4.92 x 10" 16 
erg cm" 2 s" 1 . If for the purposes of demonstration we take 
the brightest [O III] flux, compute the intensities in C III] and 
C IV (accounting for the reddening in M 31), and run these 
fluxes through SYNPHOT, we find that a T eff = 108000 K 
PAGB star (0.633 M Q ) would move significantly in the M 31 
CMD. Without the emission lines, nifiisw = 23.10 mag and 
niFn5w~ m FTJ5w =-1-29 mag, but with the emission lines, these 
would change to m F ns W = 21.22 mag and m F 115W -m F 2iiw = 
-3.03 mag. 

As was the case with the luminosity functions in §4.2, there 
do not appear to be any dramatic differences between the 
evolved stellar populations of M 31 and M 32 seen in our 
CMDs. The stars are for the most part evenly distributed among 
the post-HB tracks in both galaxies. The only significant dif- 
ference (other than the larger number of stars seen in the M 3 1 
CMD) might be the appearance of a greater "red" post-HB pop- 
ulation in M 3 1 . 

The statistical uncertainty for the magnitudes of most stars in 
our CMDs is large enough to cause considerable "blurring" of 
the CMDs. For this reason alone, it would not be feasible to fit 
the mass distribution for the horizontal branches of M 3 1 and 
M 32. However, the many systematic uncertainties also prevent 
a more precise characterization at this time. The dominant un- 
certainty is the reddening applied to the tracks (see above). The 
stars would shift 0.24 mag to the right or upward in the CMDs if 
the F275W filter or both filters are not correctly calibrated (see 
§3.3). There are theoretical uncertainties in the evolutionary 
tracks themselves. For these reasons, we must limit the conclu- 
sions we draw regarding these populations. The stars shown in 
our CMDs can be characterized, as a whole and with consider- 
able certainty, to be evolving from the EHB, but we cannot use 



the distribution of stars in the CMDs to determine the distribu- 
tion of mass for the horizontal branch progenitors. 

, , , , | , I , I | , , , , | , r- 
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FIG. 13- The CMD for M 31 (cf. Fig. 11), but instead of 
post-HB tracks, the zero-age main sequence (ZAMS) is plot- 
ted for a range of masses appropriate to the luminosity and 
temperature of this population, assuming solar-metallicity 
and a reddening of E(B- V) = 0.11 mag. The masses of the 
ZAMS stars are labeled in solar units. Note that only very re- 
cent star formation could populate this portion of the ZAMS. 
The stars do not appear to be clumping near the ZAMS (or 
along any line shifted with respect to the ZAMS), even where 
the photometric errors are small. 



5. MODELLING 

5.1. EHB Luminosity Function 

From the spectral-synthesis results of Ferguson & Davidsen 
(1993) and Brown et al. (1997), we expect that the LFs are dom- 
inated by post-EHB stars, i.e., AGB-Manque stars and PEAGB 
stars (Greggio & Renzini 1990). Due to the limitations imposed 
by the observational uncertainties, detailed fitting of the EHB 
mass distribution does not seem warranted. Furthermore, there 
exist no a priori predictions of the HB mass distribution. How- 
ever, we can explore the simple test case of a flat distribution of 
mass (i.e., a constant number of stars per year per unit EHB star 
mass joining the zero-age HB), and compare to the FOC data, 
in order to see if the populations characterized in the data are 
consistent with a population of EHB stars. Although the EHB 
tracks appear to be populated (see §4.3), a simulation properly 
accounts for the timescales in the evolutionary tracks; slower 
phases should be more populated than faster phases of post-HB 
evolution, and such subtleties are not obvious to the eye in a 
CMD. 

A flat distribution of mass on the EHB reproduces the mea- 
sured luminosity functions reasonably well. In Figure 14 we 
show the LFs we obtain from a population evolving from a 
uniform distribution of mass on the extreme horizontal branch 
(0.471-0.530 M©), scaled so that the number of stars above 
our detection limits matches that seen in M 3 1 . For this simula- 
tion, we use the evolutionary tracks of Dorman et al. (1993); the 
magnitudes are derived using SYNPHOT with Kurucz synthetic 
spectra. The top panels show the LFs from the test population 
as we would measure them all the way down to the horizontal 
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FlG. 14. — The luminosity function for stars entering EHB tracks of mass 0.47 1-0.530 M Q , normalized to reproduce the number of 
stars found above the detection limits in the M 31 images. In the top panels, the luminosity functions do not account for photometric 
statistical errors, and are shown all the way down to the HB (dotted lines denote our actual limiting magnitude in each band). In the 
bottom panels, the LFs include photometric errors, and are shown on the same scale as Figure 9. Although these LFs agree with 
Figure 9 better than the PAGB LFs in Figure 10, the actual F275W LF in M 31 includes more faint red stars than predicted by such 
a simple model. 



branch without photometric uncertainties, and the bottom pan- 
els show the LFs on the same horizontal scale as the measured 
LFs in Figure 9, including the effects of photometric uncer- 
tainties. The major difference between the simulated LFs in 
Figure 14 and the actual M 31 LFs in Figure 9 is that the 
measured F275W LF peaks higher than the measured F175W 
LF, whereas the simulated LFs peak at approximately the same 
height in each band. The measured LFs thus show a redder pop- 
ulation than the simulated EHB LFs. However, the simulated 
flat EHB population in Figure 14 shows much better agreement 
with the measured LFs (Figure 9) than a PAGB-dominated LF 
(Figure 10). 

5.2. EHB Color Magnitude Diagram 

For comparison to the actual CMDs (Figures 1 1 and 12), we 
can simulate the CMD we would expect for this flat EHB mass 
distribution, again using the evolutionary tracks for these stars 
(Dorman et al. 1993). The simulation is shown in Figure 15. 
Although they comprise the majority of the population below 
the detection limits, PAGB stars are not included in the sim- 
ulation, due to uncertainties along the AGB and in the ther- 



mally pulsing phase. In the simulation, the total number of 
stars brighter than our detection limits in each band matches 
the number of stars detected above these limits in M 3 1 . The 
top panel shows the simulation without statistical errors; in the 
bottom panel, random noise in the colors and magnitudes has 
been added to the simulation, assuming the same data quality 
seen in the M 3 1 observation. We note that the bottom panel 
does not take into account the increase in spurious sources and 
decrease in completeness as one approaches our detection lim- 
its. The bottom panel in the simulation appears similar to the 
CMD seen in M 31 (Figure 11), given that the simulation is 
meant to demonstrate a zeroth order model as an example. 

A quantitative comparison of the simulated population (Fig- 
ure 15b) to the M 31 population (Figure 11) is shown in Fig- 
ure 16. The figure partitions the CMDs into regions that span 
0.5 mag in color and 1 mag in luminosity; such partitioning is 
appropriate given systematic errors smaller than 0.3 mag. In 
each region we have denoted the number of stars in the M 3 1 
CMD (bold) and the number of stars in the simulation (italics). 
It is clear that overall, the flat distribution of EHB stars shown in 
the simulation produces a population that is highly concentrated 
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toward the lower central regions of the CMD, as seen in M 3 1 . 
The M 3 1 CMD shows a few more red stars along the right hand 
side, and a few less blue stars along the left hand side. The 
significant difference, however, is that the M 31 CMD shows 
considerably more stars brighter than ntFYisw = 22.5 mag, as 
compared to the simulation. The difference is large enough to 
imply a contribution to the population in M 3 1 that is lacking in 
the simulation. 




-2-10 1 

in — m 

lli F175W 111 F275W 

FIG. 15- This simulated CMD results from a uniformly pop- 
ulated EHB (with ZAHB mass of 0.471-0.530 M©), but no 
contribution from the red HB that gives rise to the PAGB 
stars. The number of stars in the simulation above the detec- 
tion limits (black line) matches the same number detected in 
M 31 (Fig. 11). The top panel shows the simulation without 
noise (note the avoidance of the shaded region); the bottom 
panel reflects the statistical errors found in the M 3 1 data. 

What are these brighter stars? The simplest way to populate 
that portion of the CMD is with post-early-AGB stars. Such 
stars evolve from the EHB along the AGB, but leave the AGB 
before the thermally pulsing phase. On the zero-age horizon- 
tal branch, they are cooler and more massive than the stars 
that evolve into AGB-Manque stars. PEAGB stars are likely to 
originate as stars with masses of 0.51-0.55 M Q on the ZAHB. 
While such stars are present in our simple model, the are evi- 
dently not present in sufficient numbers. 

However, we find that it is not possible to increase the num- 
ber of PEAGB stars without considerably worsening the agree- 
ment with the far-UV spectrum. To match the counts in the 
bright portion of the CMD, the population of PEAGB stars 



would have to be increased by a factor of ^100. However this 
additional population would make the M 31 integrated spec- 
trum three times brighter and significantly cooler than actually 
observed by HUT. Thus, we consider it unlikely that the very 
brightest stars in the M 3 1 CMD are PEAGB stars. It also seems 
unlikely that these stars are merely the result of crowding, given 
the modest number of resolved stars in our M 3 1 images, and 
the existence of such stars even near the edges of our fields. 
Thus the nature of the rriFnsw < 22.5 population is a bit of a 
puzzle. Testing other hypotheses (e.g. reddened PAGB stars, 
binary AGB-Manque stars, or accreting white dwarfs) is be- 
yond the scope of this paper, but appears to be an interesting 
avenue for further investigation. 
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FIG. 16- A quantitative comparison of the CMDs shown in 
Figures 11 and 15b shows good agreement in general but 
notable discrepancies. The number of stars per 0.5 mag x 
1 .0 mag region in the M 3 1 CMD is shown in bold, while that 
number in the EHB simulation is shown in italics. The M 31 
population and the simulated EHB population both show a 
strong concentration toward the faint center. However, there 
are ~30 stars at m F nsw > 22.5 mag in the M 31 CMD that 
are not present in the simulated CMD. 



5.3. Comparison to Expectations from IUE and HUT 

How much of the IUE flux do we resolve into stars? Does the 
FOC flux (both diffuse and stellar) agree with the expectations 
from HUT and IUE1 In §3.3.2, we compared the /L^+Optical 
flux to the FOC and WFPC2 flux within 1.4" of the galaxy 
centers, in order to minimize uncertainties in the sky and dark 
count background while investigating any systematic errors in 
the FOC calibration. Here, we compare the FOC flux in the full 
IUE aperture to expectations from the IUE+Optica\ spectrum, 
and compare the stellar light to expectations from both IUE and 
HUT. 

Because the 10 x 20" oval IUE aperture is larger than the 
14 x 14" FOC field, we have defined two regions (see Figures 
4 and 5) in the FOC field for comparison to the IUE flux. Re- 
gion "A" is centered on the nucleus in each galaxy, and region 
"B" runs from "A" to a distance of 10" from the galaxy cen- 
ter. The regions are defined such that A+2B is equivalent to 
the IUE aperture, given approximate symmetry in the galaxies 
about their centers. 

The net FOC count rate within the IUE aperture is shown in 
Table 6 (row 4), and is the result of subtracting the expected 
sky count rate (row 3) and expected dark count rate (row 2) 
from the gross count rate (row 1). We again assume a high sky 
background, although unlike our calculations in §3.4 and 
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FIG. 17- The HLT spectrum of M 31 (histogram; binned to 10 A) shown with the spectrum we would obtain from a two-component 
population of evolved stars: a flat distribution of EHB stars, and a population of 0.633 Mq PAGB stars. The number of EHB stars 
was chosen to match the number above the detection limits in the M 3 1 images, and the number of PAGB stars was chosen to match 
that allowed under fuel consumption constraints (accounting for the small contribution from the EHB stars); the entire model was 
then multiplied by 3.59 to account for the aperture difference between the FOC stellar sample and the HUT 9 A x 116" slit. 
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FIG. 1 8- The WE spectrum of M 32 (histogram; binned to 15 A) shown with the spectrum we would obtain from a two-component 
population of evolved stars: a flat distribution of EHB stars, and a population of 0.633 M Q PAGB stars. The number of EHB stars 
was chosen to match the number found above the detection limits in the M 32 images, within the region "A" plus twice that number 
found in region "B" (cf. Figure 5), thus accounting for the difference between the FOC and IUE apertures. The number of PAGB 
stars was chosen to match that allowed under fuel consumption constraints (accounting for the small contribution from the EHB 
stars). 
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Table 5, the sky and dark background contribute significantly 
to the flux within this large area. Running the composite 
/ITE+Optical spectrum through the IRAF package SYNPHOT 
gives the predicted flux within the IUE aperture (row 6), and 
a comparison (row 8) of this expectation with our measure- 
ment shows that our FOC F175W images detect more flux than 
predicted from IUE, while the F275W images detect less flux 
than predicted. Given the uncertainty in the dark and sky back- 
ground for the FOC, we can say that the flux measured by the 
FOC cameras roughly agrees with the predictions made from 
the /f/E'+Optical composite spectrum. 

To compare to the flux in resolved sources, we limit our- 
selves to those stars that are above our limiting magnitudes (i.e., 
wiF275w < 25.5 mag and iuf nsw < 24.5 mag). We compare the 
flux from the stars found in the IUE "aperture" (again regions 
A+2B) to the UV flux seen by IUE. We define the UV flux in 
the F175W filter to be that flux shortward of 2400 A, and the 
UV flux in the F275 W filter to be that flux shortward of 3400 A; 
flux longward of these wavelengths is considered "red leak" in 
the filters. As the numbers in Table 6 demonstrate, the F175W 
filter suffers from a very high red leak, while the F275W fil- 
ter shows a moderate contribution from red leak photons. The 
high percentage of red leak in these calculations is due to the 
fact that both galaxies are very red and emit much more light 
at longer wavelengths than in the UV when integrating over a 
synthesized 10 x 20" aperture; we note that the percentage of 
red leak in the light from hot stars is far less important. For ex- 
ample, for FOC photometry of a 20000 K star in M 3 1 or M 32, 
the red leak contribution to the measured light is less than 12% 
in F175W and less than 3% in F275W. If we assume that the 
stars above our limiting magnitudes emit the bulk of their flux 
in the UV, it is reasonable to compare (row 9) the counts found 
in these stars to the U V count rate predicted from IUE. The UV 
flux from our resolved hot stars only accounts for a small frac- 
tion (<20%) of the UV light observed with IUE. This result 
is understood if we trace these post-HB stars back to their HB 
progenitors. 

As we did in Sections 5.1 and 5.2, we again use a flat dis- 
tribution of stars on the EHB and its post-HB descendents, and 
then scale this population so as to reproduce the number of stars 
found above our detection limits in M 3 1 and M 32. Note that 
many more stars in this model are below the detection limits 
than above (see Figure 14). We then add a 0.633 M PAGB 
component, with the number of stars scaled to match the limits 
allowed under the fuel consumption theorem (taking into ac- 
count the small contribution from the EHB stars). Because the 
UV-bright phase of these PAGB stars is so short-lived, only a 
dozen or so would appear in each of the M 3 1 and M 32 images 
(see Figure 10). We then use the spectral library of Brown, Fer- 
guson, & Davidsen (1996) to compute the integrated spectra 
of these populations, and compare to the actual far-UV spectra 
of M 3 1 and M 32 as measured by HUT and IUE respectively. 
These comparisons are shown in Figures 17 and 18. Note that 
the model spectrum in each figure has been rescaled to match 
the flux expected in the HUT and IUE apertures, but has not 
been renormalized otherwise. The disagreements between the 
model and the observed spectra are thus real and due either to a 
failure of this aperture correction to match the true UV profile 
of the galaxies, or a missing UV population in the model. 

The figures demonstrate that most of the unresolved flux in 
M 3 1 and M 32 can be explained, once we trace back the bright 
post-HB population detected in the FOC to its HB progenitors. 



Given the large uncertainty in the aperture matching between 
the FOC, HUT, and IUE, the agreement between the model 
spectrum and the far-UV data is good. For M 3 1 , a model popu- 
lation that reproduces the number of detected stars and the UV 
light has 98% of its main sequence stars evolving into PAGB 
stars, and only 2% into EHB stars (with a flat mass distribu- 
tion). For M 32, a model that reproduces the number of detected 
stars and the UV light has 99.5% of its main sequence stars 
evolving into PAGB stars and 0.5% into EHB stars. The far 
slower evolution of the EHB stars more than compensates for 
the smaller number of their progenitors relative to those for the 
PAGB stars. The smaller fraction of resolved UV flux in M 32 
is explained by a smaller fraction of stars following the longer- 
lived EHB evolutionary paths. Although the uncertainties are 
large, the model spectrum in each galaxy falls a bit short of 
those measured by HUT and IUE, and the discrepancy is largest 
at the shortest wavelengths. Very hot EHB stars (and their de- 
scendants), with envelope mass less than 0.002 M Q , could be 
present and make significant contributions to the far-UV flux in 
these galaxies. These stars are just below are detection limits, 
even in their brightest phases, as we discuss in §4.3. 

5.4. PAGB Circumstellar Extinction 

We demonstrated in §4.2 that the luminosity functions in 
M 31 and M 32 do not appear to be dominated by PAGB stars. 
Nor do the PAGB tracks in the color magnitude diagrams (§4.3 
and Figures 11 and 12) appear to be populated. Our analysis 
showed that a dominant population of low-mass (0.569 M Q ) 
PAGB stars would produce many detections in our FOC im- 
ages, because of their relatively slow evolution through the ear- 
lier bright phases, while a dominant population of intermediate- 
mass PAGB stars (0.633 M Q ) stars would produce a negligible 
number of detections due to more rapid evolution. Given a pop- 
ulation that is dominated by PAGB stars (see §5.3), our data 
implies that either the PAGB stars are of intermediate mass (or 
greater), or that they are low-mass stars hidden by circumstel- 
lar extinction during their early bright phases. In this section 
we explore the latter case. 

Kaufl, Renzini, & Stanghellini (1993) derived a simple 
model for circumstellar extinction in PAGB stars. This extinc- 
tion would be caused by the shell of material expelled on the 
AGB during the "superwind" phase. The initially opaque shell 
would begin thinning with the end of the superwind phase, as 
it expands outward from the underlying star. Kaufl et al. com- 
puted the "thinning time" for this shell to become transparent 
at Ha and Bra. We can also apply the Kaufl et al. model to 
see the maximum effect of such an expanding shell in the far- 
UV. Of the 7 models considered by Kaufl et al. (1993), the one 
with the strongest and most prolonged extinction in the far-UV 
is Model 1, having a superwind mass loss rate of 10~ 3 M yr -1 , 
grain size 0.1 /im, expansion velocity 10 km s" 1 , and superwind 
duration 10 3 yr. The absorption coefficient for 0. 1 /im grains is 
respectively 1.348 and 0.413 at 1750 and 2750 A Draine & Lee 
(1984). The time at which the superwind phase ends is un- 
certain, but is thought to occur somewhere around an effective 
temperature of 5000-7000 K, on or near the AGB (Kaufl et al. 
1993; Vassiliadis & Wood 1994). Because we are investigating 
the maximum effect of such a shell, we shall chose to quench 
the superwind immediately prior to the start of the PAGB tracks 
(cf. Figures 11 and 12), at 10000 K, thus prolonging the thin- 
ning as far possible into the UV-bright phase of the PAGB evo- 
lution. 

We demonstrate the effect of such circumstellar (CS) extinc- 
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tion on the low-mass (0.569 M Q ) PAGB track. We found in 
§4.2 that if the PAGB stars in the M 31 and M 32 cores were 
following such low-mass tracks, they should be detectable in 
the FOC in significant numbers, as long as CS extinction was 
not significant. Figure 19 shows mfnsw and nifxisw as a func- 
tion of time for such stars, with and without CS extinction. It 
takes approximately 10000 years for the circumstellar shell to 
become optically thin at 1750 A, and 4000 years to become op- 
tically thin at 2750 A. We can see that the luminosity functions 
we measured in the FOC images would still show a bright peak 
well above our detection limits, even with the CS extinction. 
A more realistic model would begin the thinning of the shell 
at time several 10 3 yr earlier, and in such a case the extinction 
would have a very negligible effect on our data. 
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FIG. 19- The evolution of a low-mass (0.569 M ) PAGB 
track as observed with and without circumstellar extinction. 
The CS extinction model has been chosen to maximize the 
effect in the far-UV, but it would still not significantly af- 
fect the detection of such low-mass PAGB stars in the FOC 
field. Intermediate-mass PAGB stars are thus more likely to 
dominate the populations in M 3 1 and M 32. 



6. DISCUSSION 

Since the discovery of the UV upturn phenomenon, a great 
deal of research has tried to characterize the stellar popula- 
tion producing the UV light in spiral bulges and ellipticals. 
The range of candidates has included young massive stars, hot 
horizontal branch stars, planetary nebula nuclei (PAGB stars), 
and several binary scenarios (see Greggio & Renzini 1990 for 
a complete review). Earlier work relied primarily upon IUE 
and HUT spectra of composite stellar populations, and pre- 
COSTAR FOC observations (King et al. 1992; Bertola et al. 
1995) of the brightest stars. Our current understanding of the 
populations in ellipticals and spiral bulges predicts that a signif- 
icant population of hot HB and post-HB stars should be evolv- 
ing from the extreme horizontal branch and following either 
AGB-Manque or post-early-AGB evolution (see Brown et al. 
1997 and references therein). The prediction is mainly based 
upon fuel consumption constraints that rule out PAGB stars as 
the sole UV producers; the PAGB stars are just too short-lived 
to efficiently produce the required UV light. 

Our FOC observations confirm the existence of hot post- 
EHB stars in the centers of M 3 1 and M 32, and also confirm 
that PAGB stars are not the predominant component of the UV- 



bright population. The existence of these EHB stars also im- 
plies that the horizontal branches in both M 3 1 and M 32 are 
at least somewhat extended, because "red clump" horizontal 
branches are unlikely to produce the stars seen in our color- 
magnitude diagrams. Future observations, given the improved 
UV capabilities of HST with the installation of STIS, should be 
able to reach the HB and thus characterize the entire evolved 
population more directly. We note that significant systematic 
uncertainties may exist in our FOC photometry, at the 0.3 mag 
level. Our results should be considered with these uncertainties 
in mind; however, the uncertainties are not large enough to al- 
low a completely different interpretation of the detected stellar 
population. 

As discussed in §5.2, we find a minority population (~ 10%) 
of brighter stars that cannot be explained by canonical post- 
HB evolutionary tracks. Although PEAGB or very low-mass 
PAGB stars evolve through this region of the CMD, their evo- 
lution during this phase is too rapid to produce the 35 stars seen 
in M 3 1 while maintaining consistency with fuel consumption 
constraints and observed integrated spectra of M 3 1 . The nature 
of these stars remains unexplained as of this writing. 

The fraction of light in the resolved UV population in the 
center of M 3 1 and in the center of M 32 is consistent with ex- 
pectations from the HUT and IUE spectra of these galaxies. The 
far-UV light in M 3 1 can be explained by a main sequence pop- 
ulation where 98% of the stars channel through intermediate- 
mass PAGB evolution and 2% through EHB evolution. The 
far-UV light in M 32 can be explained by a population where 
99.5% of the stars channel through intermediate-mass PAGB 
evolution and 0.5% through EHB evolution. Our simple model 
populations can account for most of the far-UV light, although 
there is room in both galaxies for a contribution from very low- 
mass hot EHB stars, which would be below our detection limits 
even in the AGB-Manque phase. 

We found that the stellar populations in M 3 1 and M 32 do 
not appear remarkably different in our FOC UV images. Fewer 
stars appear to be entering the UV-efficient EHB paths in M 32, 
and this explains both the smaller absolute number of detected 
stars and the smaller fraction of resolved UV light. The sim- 
ilarities of the luminosity functions of M 31 and M 32 were 
unexpected, given the dramatically different m^o-V colors 
of the two galaxies. This finding suggests that, while the frac- 
tional mass in EHB stars is probably sensitive to the properties 
of the overall stellar population, (e.g., metallicity, age, or he- 
lium abundance), the mass distribution on the EHB may not be 
as sensitive to these parameters. Certainly, the differences can 
not be investigated without deeper images that can resolve more 
of the evolved population. STIS observations planned for late 
1998 will reach the HB in M 32 and provide direct evidence for 
the horizontal branch distribution. 
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Table 1 : FOC Observations and Photometry 





M31 


M32 


R.A.2000 
Dec. 2000 
D (kpc) 
E(B-Vf {mag) 
«1550-V b (mag) 


0H2 ffl 44.74 s 
41°16'8.04" 

770 

0.11 

3.51 


0M2 m 41.53* 
40°51'51.82" 

770 

0.11 

4.50 




F175W 


F275W 


F175W 


F275W 


EXPTIME (sec) 

PHOTFLAM d 
Pivotal A (A) 
Band width (A) 
PSF FWHM e (pixel) 


19773 
19.43 
6.12xl0" 17 
1990 
386 
4.6 


8390 
21.47 
9.38xl0" 18 
2800 
323 
4.0 


16179 
19.43 
6.12xl0" 17 
1980 
386 
4.3 


8990 
21.47 
9.38xl0" 18 
2800 
323 
3.9 



"Ferguson & Davidsen (1993). 
*Burstein et al. (1988). 

c The magnitude that produces 1 count/sec in the filter. 

rf The flux (erg cm -2 s~' A -1 ) that produces 1 count/sec in the filter. 

'Estimated from PSF fitting in each image. 



Table 2 
M 31 Source Catalog 



RA 


Dec 




error 


m F275W 


error 


(J2000) 


(J2000) 


(mag) 


(mag) 


(mag) 


(mag) 


0M2 m 44.041 s 


41°16'02.71" 


24.18 


0.18 


23.98 


0.06 


/! 42 m 44.076 s 


41°16'05.70" 


22.29 


0.07 


22.60 


0.03 


A 42 m 44.081 s 


41°16'04.91" 


24.25 


0.19 


25.09 


0.15 


A 42 m 44.083 s 


41°16'04.22" 


22.09 


0.04 


22.57 


0.03 


ft 42 m 44.087 s 


41°16'03.50" 


23.17: 


0.07 


23.72 


0.05 


ft 42 m 44.091 s 


41°16'06.97" 


24.48 


0.47 


25.09 


0.27 


A 42 m 44.095 s 


41°16'04.39" 


24.48: 


0.18 


25.07 


0.14 


A 42 m 44.096 s 


41°16'05.78" 


24.08 


0.18 


24.97 


0.14 


A 42 m 44.098 s 


41°16'06.30" 


24.15 


0.27 


24.91 


0.18 


A 42 m 44.105 s 


41°16'07.04" 


24.35: 


0.39 


24.41 


0.14 


A 42 m 44.109 s 


41°16'07.81" 


24.02 


0.35 


25.44: 


0.62 


A 42 m 44.110 s 


41°16'07.07" 


24.39 


0.38 


25.49: 


0.33 


A 42 m 44.111 s 


41°16'07.92" 


24.04 


0.36 


25.26: 


0.55 


A 42 m 44.111 s 


41°16'02.82" 


23.99 


0.12 


24.34 


0.07 


A 42 m 44.112 J 


41°16'08.33" 


24.47: 


0.55 


24.18 


0.24 


A 42 m 44.117 J 


41°16'06.84" 


24.23 


0.22 


25.24 


0.21 


A 42 m 44.118 s 


41°16'03.63" 


24.28: 


0.17 


25.03 


0.13 


A 42 m 44.126 s 


41°16'06.38" 


24.30 


0.18 


24.67: 


0.11 


A 42 m 44.128 s 


41°16'08.21" 


23.73 


0.29 


25.23: 


0.53 


A 42 m 44.131 J 


41°16'06.35" 


24.07 


0.14 


24.31 


0.09 


A 42 m 44.132 s 


41°16'08.17" 


23.92 


0.32 


25.07: 


0.38 


A 42 m 44.142 s 


41°16'07.98" 


24.35: 


0.38 


25.06 


0.29 


A 42 m 44.142 s 


41°16'05.45" 


23.59 


0.10 


24.05 


0.07 


A 42 m 44.142 s 


41°16'04.31" 


23.97: 


0.13 


24.78 


0.10 


0M2 m 44.148 s 


41°16'04.07" 


24.46 


0.18 


24.60 


0.09 


A 42 m 44.149 s 


41°16'07.63" 


23.27 


0.09 


23.79: 


0.07 


A 42 m 44.149 s 


41°16'07.70" 


22.79 


0.07 


22.86 


0.04 


A 42 m 44.151 J 


41°16'04.36" 


23.22 


0.08 


23.37 


0.04 


A 42 m 44.153 s 


41°16'07.62" 


23.48 


0.11 


23.97 


0.08 


A 42 m 44.153 J 


41°16'10.10" 


24.36 


0.43 


25.40: 


0.52 


A 42 m 44.154 s 


41°16'03.59" 


22.10 


0.04 


22.52 


0.03 


0M2 m 44.154 s 


41°16'06.49" 


23.19 


0.08 


23.38 


0.04 


A 42 m 44.158 s 


41°16'04.41" 


23.72 


0.10 


24.67 


0.09 


A 42 m 44.171 s 


41°16'06.76" 


23.40 


0.09 


23.54 


0.05 


A 42 m 44.177 s 


41°16'10.83" 


22.67 


0.08 


22.91 


0.04 


A 42 m 44.181 J 


41°16'07.13" 


24.18: 


0.16 


24.76 


0.14 


A 42 m 44.18F 


41°16'11.23" 


24.30 


0.36 


24.79 


0.16 


A 42 m 44.183 s 


41°16'07.00" 


24.23: 


0.17 


24.81 


0.14 


A 42 m 44.197 s 


41°16'11.24" 


24.33 


0.28 


25.44 


0.22 


/! 42 m 44.202 s 


41°16'11.90" 


24.32 


0.30 


25.03 


0.17 


/! 42 m 44.203 s 


41°16'05.29" 


24.50 


0.17 


24.86 


0.11 


ft 42 m 44.204 s 


41°16'06.38" 


22.32 


0.04 


22.55 


0.03 


0' ! 42 m 44.206 s 


41°16'02.40" 


24.00 


0.12 


24.40 


0.08 


/! 42 m 44.206 5 


41°16'12.74" 


24.46: 


0.39 


24.64 


0.13 


ft 42 m 44.210 s 


41°16'12.73" 


24.22 


0.27 


25.05: 


0.17 


/! 42 m 44.215 I 


41°16'05.77" 


23.42 


0.08 


23.45 


0.04 


A 42 m 44.218 s 


41°16'06.81" 


24.01 


0.13 


24.39 


0.09 


/! 42 m 44.222 I 


41°16'07.21" 


23.50 


0.10 


23.67 


0.06 


/! 42 m 44.222 I 


41°16'12.47" 


24.37 


0.21 


24.15 


0.07 


ft 42 m 44.223 s 


41°16'07.38" 


23.92 


0.14 


23.95 


0.09 


/! 42 m 44.224 I 


41°16'03.60" 


24.24: 


0.15 


24.33 


0.07 


/! 42 m 44.224 I 


41°16'05.24" 


24.34: 


0.16 


24.22 


0.07 


/! 42 m 44.225 I 


41°16'14.75" 


23.07 


0.12 


23.54: 


0.06 


,! 42 m 44.229 s 


41°16'10.46" 


23.39 


0.10 


23.33 


0.05 


ft 42 m 44.230 s 


41°16'06.68" 


23.08 


0.07 


23.55 


0.05 


/, 42 m 44.231 s 


41°16'03.02" 


24.38: 


0.18 


24.61 


0.09 



TABLE 2 — Continued 



RA 


Dec 


m F nsw 


error 




error 


(J2000) 


(J2000) 


(mag) 


(mag) 


(mag) 


(mag) 


CxhAnmA a no i s 
KJ 4Z 44.Z31 


/I 1 o 1 /r/ i a OA" 

4i io iu.vo 




0.1 / 


O/l 71 

Z4. / 1 


A 1 1 
U.l 1 


C\hAnmA a no 1 .v 
U 4Z 44.Z31 


/I 1 oi c.f(\o nnff 
41 10 U3.Z/ 


Z3.M 


A AO 

u.uy 


OI A< 

Zj.OJ 


A A< 

U.Uj 


C\hAnm.AA noes 
KJ 4Z 44. Z3j 


/I 1 01 C.f(\Z. 00" 

4i io io.yu 


24.43: 


A 1 "7 
U.l / 


O/l oo 
Z4. /o 


A 1 1 

U. 1 1 


C\hAnm.AA nor\s 
KJ 4Z 44.Z3V 


41 10 U3.U0 


ZZ. 04 


A A< 


OI 1 c 
Zj.lo 


A A/1 

U.U4 


(\h Anm.A a nAf\s 
KJ 4Z 44.Z4U 


41 10 U3.31 


1 Q/l 

zi .y4 


A A/1 


00 <Q 

zz.jy 


A A1 

U.Uj 


C\h AnmA a nAns 
KJ 4Z 44.Z4Z 


41 10 14. oO 


Z4.ZJ 


A 1A 

U.3U 


O/l 01 

Z4. / 1 


A 1 O 

U.l / 


C\h AnmA a nAns 
KJ 4Z 44.Z4Z 


41 10 U3.4Z 


Z4.48 


A io 

U.lo 


o< oo. 
Zj.zz: 


A 1 1 
U. 1 J 


C\hAnmAA nAAS 
KJ 4Z 44.Z44 


/I i oi c.f(\o oeff 
41 10 U3.3j 


oo 7n. 

zz. /y: 


A A/^ 

U.U6 


OI OI 

Zj.yj 


A A/^ 

U.U6 


f\h AnmA a nAAS 
KJ 4Z 44.Z44 


41 10 13. /V 


O/l 0< 
Z4.Zj 


A OA 

u.zu 


O/l QO 

Z4.y / 


A 1 O 

U. 1Z 


C\hAnm.A a nA os 
KJ 4Z 44.Z40 


41 10 U/.33 


01 CO- 


A 1 O 
U. 1Z 


O/l A1 
Z4.0J 


A 1 A 
U. 14 


(\h AnmA a ncf\s 
KJ 4Z 44.ZjU 


41 10 UD.oZ 


01 Q 1 


A 1 O 
U. 1Z 


0/1 1 Q 

Z4. iy 


A AO 
U.U/ 


C\hAnmAA ncos 
KJ 4Z 44.ZJO 


/I 1 01 C.f(\A HA ff 

41 10 U4. /4 


OI /^o 
Z3.6Z 


A AO 

u.uy 


OI OA 

Zj.yu 


A A/^ 

U.U6 


(\h AnmA a ncj-is 
KJ 4Z 44. ZO/ 


41 10 UO.Oo 


oo ma 


A A/1 
U.U4 


OO 01 
ZZ.Zj 


A AO 
U.UZ 


CxhAnmAA ntzns 
KJ 4Z 44. ZO/ 


41 10 1 1. /Z 


O/l O 1 • 

Z4.Z1: 


A 1 A 
U.14 


O/l A/1 

Z4.U4 


A 

U.U6 


C\hAnmAA nnos 
KJ 4Z 44.Z/3 


/| 1 01 C.f(\C. C\A ff 

41 10 U0.V4 


OI oo 


A 1 1 

U.13 


O/l 1 1 

Z4.1 J 


A AO 

U.Uo 


C\h AnmA a nn*zs 
KJ 4Z 44.Z/0 


/l 1 o i £fr\n f\f\ff 
41 10 U/.UU 


O/l 1/1 • 

Z4.34: 


A IT 

U.l / 


O/l <A 

Z4.JU 


A 1 A 
U. 1U 


C\hAnmA a nons 
KJ 4Z 44. Zo / 


/1 1 oi £>ff\c \nll 
41 1 U J . 1 Z 


OI HH 

15. 1 1 


A 1 1 

U.l 1 


O/l IO 

Z4.jy 


A AO 

U.Uo 


a/j AnmA a nnAS 
KJ 4Z 44.Z94 


41 10 00. /0 


O/l 11 

Z4.33 


a 1 n 
U.l / 


O/l o o 

Z4.oo 


A 1 1 
U.lj 


U 4Z 44.ZVo 


41 10 1Z.J4 


OI t^A 

15. 64 


A 1 A 
U.1U 


OI O/l 

ZJ.Z4 


A A/1 

U.U4 


f\h A^fflA A LCxIS 

KJ 4Z 44. 3UZ 


41 10 lU.oZ 


oo 

ZZ. 00 


A A< 

U.Uj 


OO A A 

ZZ.4U 


A A1 

U.Uj 


f\h A^fflA A 

U 4Z 44. 3U3 


/|i Oi C.I(\H \ Aff 

41 10 U/.14 


O/l O 1 

Z4.Z1 


A 1 < 


O/l o<- 

Z4.yj: 


A 1 A 

U. 14 


U 4Z 44.3U0 


/] 1 1 /T/ 1 o c\c.ff 

41 10 13. yo 


O/l A 

Z4.4j: 


a n 
U.l / 


0< 1 A 

Zj.14 


A 1 O 

U.1Z 


C\hAnmAA Q.f\£.s 
KJ 4Z 44.3U0 


/I1 01 A'11 1^" 

41 10 13. 1j 


O/l /I o 
Z4.4Z 


A 1 A 

U.16 


o< 1 1 • 

z j .11: 


A 1 O 

U. 1Z 


U 4Z 44. jU/ 


41 10 UO.UU 


o 1 n 
Zl.j / 


A A1 

U.Uj 


01 A< 
ZI.Oj 


A AO 

U.UZ 


a/miwz/1 /I 1. 1 OJ 
U 4Z 44.3 1U 


/I 1 01/T/H 1 1// 

41 10 1Z. 1 1 


oi r\o 


A AO" 

u.u/ 


O/l A£ 

Z4.U6 


A A/^ 

U.U6 


C\hAnmA A 11 
U 4Z 44.3 1Z 


/MOI/^IO /I ^f f 
41 10 1Z.4J 


O/l O 1 
Z4.Z1 


A 1 A 
U. 14 


0/1 

Z4.JJ 


A AO 

u.uy 


U 4Z 44.313 


/I 1 1 fZM A CCff 

41 10 1U.JJ 


0/1 10 
Z4. 5L 


A 1 "7 
U.l / 


0< 1 1 
Zj. 1 1 


A 1 O 
U.l / 


a/? Anm a a on r\s 
KJ 4Z 44.3ZU 


/i 1 o 1 /t/ac naff 
41 10 U3.ZV 


OO A 1 

ZZ. Ul 


A A/1 

U.U4 


OO AO 
ZZ.U/ 


A AO 
U.UZ 


U 4Z 44.3Z1 


/l 1 01 C.f(\C. A1 " 

41 10 U0.U1 


OI AO 


A AO 

U.U/ 


OI oo 

Zj.yy 


A A/; 

U.U6 


CxhAimAA 

KJ 4Z 44. 3Z3 


41 10 Ud.Uj 


OI 1 1 

Z3.13 


A AO 
U.U/ 


OI OI 

Zj. / j 


A A< 

U.Uj 


f\h A^fflA A Q.1AS 

KJ 4Z 44.3Z4 


/ii oi /:/A/: 7c// 

41 10 UO. /j 


OI IO 

15.51 


A AC 

U.Uo 


OI f^A 

Zj.o4 


A A< 

U.Uj 


C\hAnmAA ones 
KJ 4Z 44. 3Zj 


/I 1 1 /;/ 1 A ooff 

41 10 1U.53 


01 Q< 


A 1 
U. 1Z 


0/1 1 
Z4. / 1 


A 1 1 
U. 1 1 


CxhAnmAA in.? 
U 4Z 44. 3Z/ 


41 10 U4.jV 


O/l /I 

Z4.4j: 


A 17 

U.l / 


O/l <A 

Z4.JU 


A AO 

u.uy 


f\hAimAA 107^ 

U 4Z 44. 3Z/ 


/1101/t/ia Z.Aff 

41 10 1U.J4 


O/l /IO 

Z4.4Z 


A 1 C 

U.lo 


O/l /^o 
Z4.0Z 


A 1 1 

U. 1 1 


f\hAimAA no? 
U 4Z 44. 3ZV 


/ii oi/:/i/: (\(\ff 
41 10 10. UU 


OI "7<- 

15. id: 


A 1 < 
U.lj 


OI 0/1 

Zj.o4 


A A/^ 

U.U6 


U 4Z 44.331 


4i io U4.yy 


o/i n 
Z4. 5 1 


A n 

U.l / 


o< IO 

zj.jy 


A 1 O 

U.l / 


U 4Z 44.331 


/i 1 1 A'r\/i ^ A'f 
41 10 U4.14 


O 1 O 1 
Zl .Zl 


A AO 

u.uz 


O 1 o/; 
Zl. 10 


A AO 
U.UZ 


C\hAnmA a ooos 
KJ 4Z 44.333 


/|ioir/i i /) q// 
41 10 11 .4V 


01 An 
15 .4 / 


A AO 

U.Uo 


0/1 1 
Z4. 1Z 


A AO 
U.U/ 


f\h A^fflA A 11AS 

KJ 4Z 44.334 


/| 1 OI C.f(\Z. 1 eff 

41 1 U J . 1 J 


oi <o 
Z3.JZ 


A AO 

u.uy 


O/l AO 

Z4.U0 


A AO 

U.U/ 


c\h A^ffiA A iins 
KJ 4Z 44.33 / 


41 10 IZ.lo 


OI T/1 

15. /4 


A 1 A 

U.1U 


O/l <1 

Z4.JJ 


A AO 

u.uy 


(\h A^niA A 1AAS 

KJ 4Z 44.344 


/I 1 o i /r/na an// 
41 10 U/. /KJ 


O 1 OA 

zi.yu 


A A/1 

U.U4 


OO A < 

ZZ.4J 


A A1 

U.Uj 


A/'/IO'W/l /I 1AAS 

KJ 4Z 44.344 


/I 1 oi A'1 A 1 O" 

41 10 1U.1U 


OI /II 

Z3.43 


A AO 

u.uy 


O/l oo 
Z4.ZZ 


A 1 A 
U. 1U 


C\hAnmA a oens 
KJ 4Z 44.3JZ 


A 1 1 f*f(\f* f\Qf f 

41 10 UO.UV 


0/1 A C 
Z4.48 


A IO 

U.lo 


0< /I 1 
Zj.41 


A 1 Q 

u. iy 


(\hAnmAA Ofins 
KJ 4Z 44.30Z 


/i 1 o i c.ff\~i nc\ff 
41 10 U/.ZU 


0/1 <A 
Z4.JU 


A 1 Q 

u.iy 


0/1 oo 
Z4.0 / 


A 1 1 
U.lj 


A/f /I Off? /I /I 

U 4Z 44.304 


/I 1 OI jZff\fZ O'-lH 

41 10 U0.3 / 


oi 

Z3. 06 


A 1 A 

U.1U 


O/l A/1 

Z4.U4 


A AO 
U.U/ 


(\hAnmAA OfiAs 
KJ 4Z 44.304 


/l 1 ° 1 f^f(W H" 

41 10 U3.33 


OI AO 

zj.oy 


A 1 A 
U.1U 


0/1 1 A 
Z4.10 


A f\A 
U.UO 


U 4Z 44.30J 


A 1 1 C.f(\Z. TO" 

41 10 lD.3o 


OO O/l 

ZZ.Z4 


A A/1 

U.U4 


OI 1 < 
Zj.lj 


A A/1 

U.U4 


(\h AnmA a OiZfzs 
KJ 4Z 44.300 


41 10 UO.oj 


OI <A 


A AO 

u.uy 


OI OA 

Zj. /U 


A 

U.U6 


(\hAnmAA Ofins 
KJ 4Z 44.30/ 


41 10 U0.Z4 


0/1 1 1 
Z4. 1 5 


A 1 A 
U. 14 


0/1 oo 
Z4. /O 


A 1 O 

U. 1Z 


r\h a nm a a o tiTi 

42 44.367 


< 1 01 ^/1 /I C f 1! 

41 16 14.56 


24.06: 


0.13 


24.54 


0.15 


ft 42 m 44.368 s 


41°16'02.25" 


23.54 


0.09 


24.07 


0.06 


A 42 m 44.369 s 


41°16'14.74" 


23.72 


0.10 


24.08 


0.09 


/! 42 m 44.372 I 


41°16'15.13" 


24.35: 


0.16 


24.74 


0.10 


/! 42 m 44.372 I 


41°16'06.99" 


23.66 


0.10 


23.90 


0.06 


ft 42 m 44.373 J 


41°16'10.12" 


23.40 


0.09 


23.22 


0.04 


,! 42 m 44.374 s 


41°16'06.57" 


23.30 


0.08 


23.39 


0.05 



TABLE 2 — Continued 



RA 


Dec 


7WF175W 


error 




error 


(J2000) 


(J2000) 


(mag) 


(mag) 


(mag) 


(mag) 


U 4Z 44.3 / J 


/i 1 1 a'oq go" 
41 10 UV.oU 


Z4.48. 


f\ 1 

U.Zl 


O/I Q/1 
Z4.04 


A 1 C 

U.lo 


C\h A^niA a 'inns 
U 4Z 44. J / / 


41 10 U/.31 


0"2 1 r\ 
Z3. 1U 


r\ r\7 
U.U/ 


T2 A 7 

Zj.4/ 


A A< 

U.Uj 


U 4Z 44. j /o 


/I 1 ° 1 £JC\H 0<" 

41 10 U/.Uj 


1A A 
Z4.4J. 


A 1 Q 


O/I /I Q 
Z4.40 


A AQ 

u.uy 


U 4Z 44.3ol 


41 10 1 1.40 


Z4.48: 


A 17 


o< 1 
Zj.lZ 


U.l J 


(\hA^m.A a ioo.? 
U 4Z 44.3o3 


/l 1 ° 1 A' 1 /l IG" 

41 10 14. 3o 


Z4.JJ. 


U.lo 


O/i 'J 1 
Z4.J 1 


U. 1 5 


C\hAnmAA Q.QQ.S 

U 4Z 44.3o3 


/I 1 ° 1 A/ 1 /I TO// 

41 10 14. /o 




r\ r\/i 
U.U4 


00 1 
ZZ.Z1 


A AO 

U.UZ 


U 4Z 44.3o0 


/I 1 O 1 /T/ 1 O AA// 
41 10 1Z.UU 


o/i r\i 
Z4.U1 


r\ 1 
U.1Z 


O/I 


A AO 

u.uy 


C\hAnmAA inn^ 
U 4Z 44.3VU 


/| 1 01 A/O/1 

41 10 U4. /j 


o/i /ir\ 


A 17 


O^ 1 A 

Zj.lU 


A 1 A 
U. 14 


U 4Z 44.3VU 


/t 1 ° i a' 1 o 
41 10 1U. 33 


O/l 


U.lj 


O'J Q< 


A A7 
U.U/ 


U 4Z 44.3V1 


41 10 Uo. 1Z 


O/l 1 Q 
Z4. lo 


U.lj 


0< A^ 


A 1 A 

U. lo 


f\hA^mA a on i .v 
U 4Z 44.3V1 


/i 1 1 a'oq 1 o" 
41 10 UV. 1Z 


Li.JL 


U.1U 


O/I 0<- 
Z4.Zj. 


A 1 1 

u. 1 1 


C\hAnmAA mos 
U 4Z 44. 3VZ 


/I 1 01 /T/AC AT// 

41 10 Uj.U/ 


OO OA 
ZZ.00 


U.Uo 


70 7A 

Zj.ZU 


A A/1 

U.U4 


U 4Z 44. 3V3 


/I 1 OI r/AA OA// 

41 10 uy.3v 


O/l 10 

Z4. ly 


c\ 1 7 
U.l / 


O/I 1 Q 

Z4.10 


A 1 A 
U. 1U 


CxhA^mAA ani^ 
U 4Z 44. 3V3 


/ii oi /;/ac 7c// 
41 10 Uj. /j 


o^ c 1 


r\ 1 1 
U.l 1 


O/I '2<. 

Z4.jj: 


A AO 

U.Uo 


C\hA^mAA iqis 
U 4Z 44. 3V3 


/i 1 o i *:/ac 71// 
41 1 U J . / 1 


ZJ. / / 


n 1 1 
U.l 1 


O/I A1 • 
Z4.U1 . 


A AA 
U.UO 


f\h A^mA A Ofl/I.V 

U 4Z 44.3V4 


/I 1 O 1 A/A.O OO// 

41 10 UV.o3 


o/i r\i 
Z4.U1 


r\ 1 /i 
U.14 


70 00 

Zj.yz 


A A7 
U.U/ 


CihA^mAA on /is 
U 4Z 44.3V4 


/I 1 01 /T/AQ A/T// 

41 10 Uo.UO 


o/i 

Z4. JO 


A 17 

U.l / 


0< /17- 

Zj.4/: 


A OO 

u.zz 


n/i A^fn A A on AS 
U 4Z 44.394 


/i 1 1 ii!f\n on// 

41 10 u/.zy 


Z4.45: 


U.18 


O/I 01 

Z4.81 


A 1 O 

U. 1Z 


A/1 A^niA A lO/IS 

U 4Z 44.3V4 


/I 1 O 1 /T/ 1 O 1 A// 

41 10 13. IV 


o/i /i • 
Z4.4j: 


A 1 O 

u.iy 


o< ^7 
Zj.5 1 


A OO 

U.Zo 


C\hA^mAA 'iQns 
U 4Z 44.3V/ 


/i 1 1 *:/ac /CO// 
41 10 Uj.OZ 


1^. <A 


A AQ 

u.uy 


O/I 1 A 
Z4. 10 


A A7 

U.U/ 


U 4Z 44.3V0 


/i 1 i A/r\A 'jo// 
41 10 U0.3V 


Zj.54 


A 1 O 

U.1Z 


O/I 1 /I 

Z4.14 


A A7 
U.U/ 


A/i/io'w/i/i /ioos 
U 4Z 44.4UZ 


41 10 Uj.j4 


7/1 
Zj. /4 


A 1 1 

U.l 1 


O/I ^ A 

Z4.j0 


A AO 

U.Uo 


C\hAnmAA A AO.? 

U 4Z 44.4UZ 


/I 1 O 1 /^/ 1 1 AA// 

41 10 1 l.OU 


Z3.0J 


A 1 A 
U.1U 


0*2 ^'J 

15.55 


A A/1 

U.U4 


f\hA^mAA A AO,? 

U 4Z 44.4UZ 


41 10 UV.14 




A A'J 

U.Uj 


O 1 AO 

Zl .oz 


A AO 
U.UZ 


A/7/IO'W/l/l /I AOS 

U 4Z 44.4UZ 


/I 1 01 c.f(\c. 1 0// 
41 10 U0. 13 


o/i r\A 
Z4.U0 


A 1 A 
U.14 


O/I 01 
Z4.Z1 


A AO 

U.Uo 


U 4Z 44.4UJ 


41 10 10.00 


o/i /in 
Z4.4y 


A 1 O 

u.iy 


o< /IO. 

Zj Ay: 


A 1 O 

U. lo 


A/l/1 /I /I 1 C.S 

U 4Z 44.41 J 


41 10 U0.J / 


15. ID 


A 1 1 

U.l 1 


Zj.oo 


A AA 

U.Uo 


A/7 A^tttlA A A1 £LS 

U 42 44.410 


/I 1 1 /T/A/1 1 c// 

41 10 04. 1 j 


/i m. 

Z4.0/: 


A 1 O 

U.13 


O/I A A 

Z4.6U 


A AA 

u.uy 


A/l /I Offl /I /I /I 1 TS 

U 42 44.41 / 


/I 1 O 1 /T/Afl A 1 // 

41 10 uv.yi 


o/i 1 ^ 
Z4. 16 


A 1 < 
U.lj 


O/I A7 

Z4.6/ 


A 1 O 

U.1Z 


n/i/nm/i AAA CIS 
U 4Z 44.41V 


/I 1 1 /T/ 1 O A/l // 

41 10 1Z.U4 


o/i r\o 
Z4.UZ 


A 1 O 

U.1Z 


O/I OA 

Z4.0U 


A 1 A 

U.1U 


C\h A^niA a /IOOS 
U 4Z 44.4ZU 


/l 1 1 A/ac 1 /:// 
41 1 U j . 1 


o/i /i a 
Z4.40 


U.lo 


O/I 00 

z4.yo 


U. 13 


U 4Z 44.4Z1 


41 ID Uj./o 


Zj.oZ 


A 1 O 
U. 1Z 


O/I 77 
Z4. / / 


A 1 O 
U. 1Z 


U 4Z 44.4Z1 


/I 1 01 A/A./1 1 T// 

41 10 U4. 1 / 


Z3.4U 


A AC 

U.Uo 


O/I <o 
Z4.JZ 


A AO 

U.Uo 


f\hAimAA ylOOS 

U 4Z 44.4ZZ 


41 1 U J . / 3 


o/i 1 n 
Z4. 1U 


A 1 A 
U.14 


O/I 7C. 

Z4. /o: 


A 1 O 

U. 1Z 


A/l/lom/l/l /IOOS 

U 4Z 44.4ZZ 


/1101/T/1A/TO// 

41 10 lU.Oo 


O/l /17 

Z4.4/ 


A 1 7 
U.l / 


0< A7 

Zj.U/ 


A 1 A 

U. 14 


f\h A^fflA A A1Q.S 

U 4Z 44.4Z3 


41 10 U0. 1Z 


Zi.sl 


A 1 O 

U.1Z 


O/I 11 

Z4.jl 


A AO 

U.Uo 


A/i/iom/i/i zio^s 
U 4Z 44.4Z3 


/I 1 oi A'1 A 1 A// 

41 10 1U.10 


15. J J 


A AO 

u.uy 


O/I 10 
Z4.1Z 


A AO 

U.Uo 


CihA^mAA A 'IAS 

U 4Z 44.434 


/l 1 1 A /a/7 O/l // 

41 10 U/.Z4 


00 </i 
ZZ. j4 


A f\< 
U.Uj 


OI /I 1 
Zj.41 


A A/1 

U.U4 


U 4Z 44.434 


/I 1 01 fZ?{\Q OI// 

41 10 us.yi 


o/i or\ 
Z4.ZU 


A 1 < 

U.lj 


o< 1 1 
Zj.l 5 


A 1 A 
U. 10 


a/j /I O 777 /I /I AO as 

U 42 44.434 


/I 1 O 1 /T/A/1 AO// 

41 10 04. VZ 


Zl.lj 


A AO 

u.uz 


01 cc 


A AO 
U.UZ 


O/7/10>?7/1 /I /IKJ 

U 4Z 44.43J 


/i 1 1 A/r\o oa// 
41 10 Uo.ZU 


O/i O/i 
Z4.Z4 


A 1 < 
U.lj 


O^ A/1 

Zj.U4 


A 1 A 

U. 14 


O^/IO^/I /I A1Z.S 

U 4Z 44.43J 


/i 1 1 A/r\o in" 
41 10 Uo.3V 


O/i ^0 

Z4. 


A 1 7 
U.l / 


O/I /I 1 

Z4.41 


A AO 

u.uy 


O^/IO^/I/I AAf\s 
U 4Z 44.44U 


/i 1 1 A'n.G 7/;/' 
41 10 Uo. /O 


O/l A f\. 
Z4.4U. 


A 1 7 

U.l / 


O/I 77 
Z4. / 5 


A 1 1 

u. 1 1 


A/l/IOm/l/l /1/IOS 

U 4Z 44.44U 


,11 OI/T/IA AO// 

41 10 iu.uv 


T2 /I A • 


A AO 

u.uy 


77 ZT/1 

Zj.04 


A A< 

U.Uj 


O/7/10>?7/1 /I /I /lis 

U 4Z 44.44Z 


41 10 Uo. /o 


O/l K. 

Z4. Id: 


A 1 A 
U.14 


O/I 71 

Z4. / 1 


A 1 1 

u. 1 1 


O^/IO^/I/I A A AS 
U 4Z 44.444 


/i 1 1 A'r\o A7" 
41 10 UZ.O / 


o/i 1 

Z4. 1 5 


n 11 
U.l J 


O/I OA 

z4.yo 


A 1 1 

u. 1 1 


0/7/10/77 /I A A A AS 

U 4Z 44.444 


/l 1 O 1 A/OO GO// 

41 10 uv.oz 


01 00 


A AO 

U.Uo 


77 (TA 

zj.oy 


A AA 

U.Uo 


C\hAimAA AAf^S 

U 4Z 44.440 


/I 1 O 1 A/OA AT// 

41 10 U0.0/ 


o/i or\ 
Z4.ZU 


A 1 A 

U.lo 


0< A7 
Zj.U/ 


A 1 < 
U. 1 J 


0/7/10*77/1/1 AA1S 

U 4Z 44.44/ 


/I 1 1 A/OT K// 

41 10 U/.3j 


O'J 07 

Z5.y 1 


A 1 ^ 

U.l j 


O/I CO. 

Z4.oy: 


A 1 O 

U.1Z 


f\H A^YYl A A A ATi 

42 44.447 


/I 1 OI £ / AA Oi// 

41 16 09.21 


22.85 


0.06 


23.70 


0.06 


,! 42 m 44.447 I 


41°16'01.80" 


24.46 


0.16 


24.18 


0.07 


, '42" , 44.448 I 


41°16'08.73" 


22.34 


0.04 


23.12 


0.04 


/! 42 m 44.448 s 


41°16'06.07" 


23.68 


0.10 


24.40 


0.08 


ft 42 m 44.450 s 


41°16'05.14" 


22.86 


0.06 


23.64 


0.05 


/! 42 m 44.451 I 


41°16'10.H" 


24.29 


0.16 


24.64 


0.11 


,! 42 m 44.452 I 


41°16'12.56" 


24.47: 


0.16 


25.12 


0.12 
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RA 


Dec 


m F nsw 


error 




error 


(J2000) 


(J2000) 


(mag) 


(mag) 


(mag) 


(mag) 


4Z 44.4jZ 


41 10 0o.34 


Zi.ov 


a in 
U. 1U 


00 OA 

Zj.oO 


A AA 
U.UO 


CxhAnmAA /ICO.V 

4Z 44.4j3 


41 10 00. oZ 


Z4. j4 


A IT 

U.I / 


o< o< 
Zj.Zj 


A 1 7 
U.l / 


4Z 44.4j4 


/i 1 ° 1 a/aa no" 
41 10 00. OZ 


zj.U/ 


n. en 
U.U / 


O/l A< 
Z4.4J 


A AQ 

u.uy 


4Z 44.4jo 


/I 1 o 1 /r/ i i AO" 

4i io i i.uy 




o oo 
U.Uo 


O/l A A 

Z4.4U 


A AO 

U.Uo 


a/I/IO^/I A /ICQ.? 

4Z 44.43V 


/I 1 ° 1 A'AA 1 C" 

41 10 UV. 1 J 


LL. 12. 


O HA 
U.UO 


00 A7 

Zj.U/ 


A A/I 
U.U4 


4Z 44.4jV 


41 10 UZ.jO 


O /I 1 ^ 

Z4.1 j 


O 1 

U.13 


O/l </l 

Z4.J4 


A AO 

U.Uo 


4Z 44.40Z 


41 10 1 J. /3 


O/l /IO. 


O 00 


o< oo 

zj.jy 


A 1 A 
U. 14 


4Z 44.40,3 


4i io uy.oi 


on oo 

zu.yz 


o oo 
U.UZ 


O 1 A7 

Zl.O/ 


A AO 
U.UZ 


(\h A^ymA a Alls 
4Z 44.4 /Z 


/II Ol /T/AC A A// 

41 10 Uj.UU 


O/l 1 c 
Z4. io 


O 1 A 
U. 14 


o< OA- 
Zj.ZO. 


A 1 A 
U. 10 


C\hAimA a Alls 
4Z 44.4 / 3 


41 10 11.3/ 


O'J 


o oo 

u.uy 


oo 00 
Zj.SJ 


A A< 

U.Uj 


a/i/1 O^i/l /I AH AS 
4Z 44.4/4 


41 10 UV.OJ 


o's 1 r\ 


O fT7 
U.U/ 


00 A A 


A A< 

U.UJ 


C\hA1fnAA AH AS 

4Z 44.4/4 


41 10 UO.oj 


O'J "7< 

Zj. / j 


O 1 1 

U.l 1 


O A A < 

Z4.4J 


A AO 

u.uy 


CihAim-AA AH&s 
4Z 44.4/0 


41 10 UO.lo 


O/l oo 
Z4.Z8 


U.10 


O/l A 1 
Z4.01 


A 1 A 
U. 1U 


r\/i/i /I Anns 
4Z 44.4 / / 


41 10 1U.40 


O/l r\c 


O 1 

U.l J 


O/l O/l 

Z4.Z4 


A A7 
U.U/ 


a/m owi/i /i /mj 
4Z 44.4 / / 


41 10 UJ.U4 


O'Z C2 


A 1 1 

U.l 1 


00 00 

Zj.oZ 


A AA 
U.UO 


(\h A^niA A A OA? 
4Z 44.4o0 


41 10 U0.1V 


O/l ^/^ 

Z4.30 


A IT 

U.l / 


O/l 0<- 

Z4.sj: 


A 1 1 

U. 1 1 


CihAimAA AQ1S 

4Z 44.4oZ 


41 10 Ij.OJ 


Zj.4y: 


o oo 

u.uy 


OO <A 

Zj.jU 


A A/I 

U.U4 


4Z 44.4o3 


41 10 Ij.jV 


oo ni 


A 1 O 
U.1Z 


O /I AA. 

Z4.UU: 


A AA 

U.U6 


CihAOfnAA AQ1S 

4Z 44.4oj 


/1 1 o i c.i(\n OA" 
41 10 U/.oU 


Z3.sU 


A 1 1 

U.l 1 


O/l AO 

Z4.U3 


A A7 
U.U/ 


4Z 44.40J 


41 10 UJ.jU 


oo r\Q 

zz.uy 


A A/I 
U.U4 


00 <A 
ZZ. JO 


A AO 

U.Uj 


fihAiniAA A 0Q? 

4Z 44.4oV 


41 10 U0.04 


oo r\T 
Zj.U/ 


A AO" 
U.U/ 


00 <7 
Zj.J / 


A A< 

U.Uj 


4Z 44.4Vo 


41 10 1U.4Z 


T3 OO 


A 1 O 

U.1Z 


O/l 77 

Z4. / / 


A 1 A 
U. 1U 


4Z 44.J01 


A 1 o 1 /:/A/1 01" 
41 10 U4.ol 


OO O/l 

zz.y4 


A 

U.Uo 


OO O/l 

Zj.y4 


A AA 

U.Uo 


a/m o'«/i /i <ni s 
4Z 44.J01 


a 1 ° i 1 c\ on" 
41 10 1U.ZU 


O/l /I r\ 
Z4.4U 


A 1 A 
U.10 


O/l 77 

Z4. / / 


A 1 A 
U. 1U 


cxhA^fnAA cao? 
4Z 44. 302 


/| 1 1 fZt{\fZ OO" 

4i io uo.zy 


O/l 11 


A 1 

U.lo 


O/l 1 o 
Z4.1Z 


A A7 
U.U/ 


4Z 44.303 


/t 1 ° 1 C7" 
41 10 Ul.J / 


O/l /1 1- 
Z4.4J. 


A n 
U.l / 


0< 1 A 
Zj.10 


A 1 A 
U. 14 


4Z 44.303 


41 10 UO. /V 


00 <T 
ZZ. j / 


A A< 
U.Uj 


00 O/l 
ZJ.Z4 


A A/I 
U.U4 


U 42 44.jU3 


41 10 00. Oo 


O A AO 

Z4.UZ 


A 1 O 

U.13 


O C AA. 

Zj.UU: 


A 1 O 

U.13 


a/mo«M/| Z.(\AS 

4Z 44.J04 


A 1 1 /:/A/1 AO" 

41 10 U4.Uo 


O/l /IO 

Z4.4y 


fl n 

U.l / 


0< A A 

Zj.44 


A 1 A 

U. Io 


a/m omy| /i cn<s 
4Z 44.J0J 


/I 1 1 fZf 1 f\ QA// 

41 10 1U.VU 


O/l 

Z4.UJ 


A 1 O 

u. 1Z 


O/l <Q 

Z4.jy 


A AQ 

u.uy 


4Z 44.j0o 


41 10 UV.30 


O/l 1 o 

Z4. iy 


A 1 < 

u.o 


O/l O 1 

Z4.Z1 


A A7 
U.U/ 


a/? /i o'w/i /i <a.q.v 
4Z 44.jUV 


/l 1 o i fif i o C7" 
41 10 IZ.o / 


O/l "Xf^. 
Z4. JO. 


A 1 ^ 
U.l J 


O/l 1 < 
Z4. 1 J 


A AA 
U.UO 


a/M0>?M/1 CIOJ 

4Z 44. MZ 


/I 1 o 1 fzl 1 A <0" 

41 10 IU.jV 


OO </l 

ZZ.J4 


A A< 

U.Uj 


OO O/l 

Zj.j4 


A A/I 

U.U4 


a/? A^niA a ens 

U 42 44. j 12 


41 10 00.31 


oo o c 
Z3.Z5 


A AO 

U.Uo 


O/l O 1 

Z4.Z1 


A A7 

U.U/ 


a/m o«M A < 1 o .s" 
4Z 44.M3 


41 10 1 J. 1 / 


O/l /IO. 

Z4.4y: 


A 1 A 

U.lo 


0< AO 

zj.uy 


A 1 O 

U. 1Z 


A/MO>?M/1 CKi 

4Z 44. J 10 


A 1 O 1 /T/AQ OA" 

41 10 0o.30 


oo /^o 


A 1 A 
U.1U 


O/l o< 
Z4.ZJ 


A A7 
U.U/ 


4Z 44.jlo 


/l 1 o i /;/ 1 f\ AO// 
41 10 10. yo 


00 


A 1 A 
U.1U 


0< O/l 
ZJ.Z4 


A 1 A 
U. 14 


a/m /I CO 1 J 

4Z 44.JZ1 


A 1 O 1 A'A/1 TO" 

41 10 04. /Z 


OO oo 


A 1 O 

U.1Z 


O/l O/l 

Z4.J4 


A A7 
U.U/ 


4Z 44. 3Z3 


41 10 10. 4j 


oo oo 

zj.yz 


A 1 O 

U.1Z 


O/l 17 

Z4.1 / 


A A7 
U.U/ 


4Z 44. jZ3 


A 1 O 1 A/AO m" 

41 10 Oo.V / 


o/i <r\ 
Z4.JU 


A 1 O 

u.iy 


o< oo 

zj.jy 


A 1 7 
U.l / 


4Z 44. jZ3 


41 10 13.31 


O/l /IO 

Z4.4U 


O 1 < 

U.l J 


0< /I A 

Zj .40 


A 1 < 
U. 1 J 


a/mo«M/| CQA.? 
4Z 44.J30 


/| 1 01 A'A'J <0" 

41 10 03. jZ 


O/l A 

Z4.4o: 


A 1 7 

U.l / 


o< oo 

zj.zy 


A 1 A 
U. 14 


4Z 44.J31 


41 10 03. jO 


O/l /I o- 
Z4.4U. 


11 u 
U.10 


0< OA 

Zj.jU 


A 1 A 
U. 14 


cxhA^fnAA <"20.S 
4Z 44. 33Z 


/l 1 OI/T/1 1 AA" 

41 10 1 1.00 


O/l 1 

Z4. 1 j 


A 1 

U.l j 


O/l oo 

Z4.yz 


A 1 1 
U. 1 1 


4Z 44. j j / 


41 10 04. /0 


OO </l 


A AO 

u.uy 


O/l oo 

Z4.zy 


A A7 
U.U/ 


a/m O^/l A KA AS 

4Z 44.J40 


/t 1 ° 1 £L?C\H LA " 

41 10 0/.34 


00 

zj.yo 


A 1 O 
U. 1Z 


O/l oo 
Z4.Z8 


A AO 

U.Uo 


a/mO^M /I </1 1 v 

4Z 44.J41 


A 1 1 A A'J" 

41 10 14.03 


OO 1 A 


A A7 

U.U/ 


O/l /I < 
Z4.4J 


A A7 
U.U/ 


A/MO>?M/1 'ZAQ.S 

4Z 44.J43 


A 1 O 1 A'AA 0<" 

41 10 00. Vj 


O/l AC. 

Z4.Uo: 


A 1 A 

U.14 


O/l OA 

Z4.J0 


A AO 

U.Uo 


CihAim-A A <A A s 
4Z 44.344 


/I 1 oi/:/i c AQ" 

4i io ij.oy 


O/l 1 0- 
Z4. 1Z. 


A 1 

U. 1Z 


O/l A Q 
Z4.4y 


A AO 

U.Uo 


42 44.545 


/I 1 O 1 £/A£ A 1- ! 1! 

41 16 06.47 


24.38 


0.17 


24.98: 


0.12 


ft 42 m 44.549 s 


41°16'06.47" 


24.17: 


0.15 


24.40 


0.08 


A 42 m 44.550 s 


41°16'01.48" 


23.70 


0.10 


23.33 


0.04 


A 42 m 44.556 s 


41°16'09.15" 


23.91 


0.12 


24.86 


0.11 


ft 42 m 44.557 I 


41°16'12.21" 


24.20 


0.14 


24.81 


0.10 


ft 42 m 44.561 J 


41°16'12.46" 


23.97 


0.12 


24.49 


0.08 


0M2 m 44.563 J 


41°16'12.82" 


22.11 


0.04 


22.54 


0.03 
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RA 


Dec 


m F nsw 


error 




error 


(J2000) 


(J2000) 


(mag) 


(mag) 


(mag) 


(mag) 


U 4Z 44.JDJ 


41 10 U0.UJ 


zj.y / 


U. 12 


O/I Q< 

24. yj 


A 1 O 
U.12 


V 4Z 44.J00 


41 10 1U.3U 


Z4.UU 


U.12 


O/I 10 
24.32 


A A7 
U.U/ 


U 4Z 44. J / 1 


41 10 U0. 33 




u. 10 


0< AA 
2J.UU 


A 1 O 
U. 12 


C\hAnmAA CHfZS 

V 4Z 44. J /O 


/i 1 1 &.ff\~i <i" 
41 10 U/.j3 


Z3.6y 


A 1 A 

U.1U 


O/I OO 

24.y2 


A 1 O 

U.12 


C\hAim.A a cnns 
K) 4Z 44. j / / 


/i 1 1 £'ni 1 a" 
41 10 U3.10 


O'J c 1 


A 1 1 

U.l 1 


O/I 1 A 
24. 1U 


A AA 
U.UO 


r\h Aim a a Co 1 s 
V 4Z 44.Jol 


41 10 IZ.jZ 


2A. jy 


A 1 r 

U.l J 


O/I OO 

24.2y 


A A7 
U.U/ 


C\hAimAA <oo.v 
U 4Z 44.JOZ 


41 10 U/.o / 


o/i ^0 


U.16 


O/I Q£. 

24.06: 


A 1 O 

U. 12 


U 4Z 44.JoZ 


/I 1 01 C.!(\A GO" 

41 10 U4.oV 




r\ 1 1 
U.l 1 


O/I 1 ^ 

24. Ij 


A A7 
U.U/ 


U 4Z 44.JOJ 


/I 1 1 (J{\H QA " 

41 10 U/.V4 


O/I 1Q 


U.l / 


O/I A Q 

24 .4y 


A AO 

u.uy 


C\hAimAA <G<s 
U 4Z 44.J0J 


41 10 14. oZ 


o/i 'j/i 

z4. j4 


U.lj 


O/I Q£ 

24.06 


A 1 A 
U.1U 


C\hAim.A a cons 
U 4Z 44.J0V 


41 10 U4.43 


O/I 'JO- 
Z4. jZ. 


U.10 


O/I 75 

24. /O 


A 1 A 
U.1U 


U 4Z 44.JV3 


41 10 Uj.o4 


o/i r\o 
Z4.Uo 


U.13 


O/I 

24.01 


A AO 

u.uy 


A./l/10'N/1 /I <0/1S 

U 4Z 44.3V4 


41 10 1J.4U 


Li.l L 


A 1 A 

U.1U 


Ol OQ 

23. yo 


A AA 
U.U6 


C\hAimAA <0<s 
U 4Z 44.JVJ 


41 10 1 1.04 


O'l T< 


A 1 A 

U.1U 


O/I 10 

24. 3y 


A A7 
U.U/ 


a/7/1 o^i/i /i <Q/;.v 
U 4Z 44.JV0 


41 10 Uo.UZ 


O/I ^< 
24. JJ 


n 1 /; 
U.10 


0< no. 
2j.U0. 


A 1 1 
U. 13 


(\h A^WIA A AAA.? 

U 4Z 44.0UU 


41 10 IZ.jO 


0"2 /I /I 


r\ r\Q 
U.Uo 


Ol <Q 

23. JO 


A A< 

U.U5 


(\h.AimAA /^AOS 

U 4Z 44.0U3 


41 10 Uo.UO 


00 


U.U4 


OO /1 1 

22.43 


A A1 

U.U3 


A/l Aim A A £Lf\AS 

U 4Z 44.004 


/I 1 1 /t/ao C1 " 

41 10 Uo.M 


/i r\ 
23. 4U 


A AO 

U.U8 


Ol AA 

23. yu 


A AA 

U.U6 


C\hAimAA /TAOi 

U 4Z 44.0Uo 


/t 1 1 £/m 01" 
41 10 U/.Z1 


O/I 1 1 
24. 1 1 


A 1 A 
U.14 


o< OO 

2j.2y 


A 1 A 

U. 16 


a/i/1 /I A 1 fV 
U 4Z 44.0 1U 


^1 01/T/17 /J A// 

41 10 1Z.4U 


O'* QQ 


A 1 1 
U.l 1 


01 o< 

23. yj 


A AA 

U.UO 


C\hAimA A /z 1 1 .V 
U 4Z 44.01 1 


41 10 IU.jO 


OO f\f\ 


A A/I 
U.U4 


OO QA 
22. OU 


A A1 

U.U3 


A/l/lOffl/l /I 1^ 

U 4Z 44.013 


/l 1 1 O 7Q// 

41 10 13. /3 


O /I O/I • 
24.24: 


A 1 A 

U.14 


0< A1 

2J.U1 


A 1 1 

u. 1 1 


C\hAim.AA 

U 4Z 44.013 


/i 1 01 A'n o/i" 
41 10 1Z.V4 


O/I 11 
24. 1 1 


A 1 O 

U.12 


O/I </l 

24. j4 


A AQ 

U.Uo 


C\hAim.A A /z 1 cs 
U 4Z 44.01 J 


/i 1 ° 1 £'1 n /i a" 
41 10 1U.40 


O/I /I 
24. 4j. 


U. 10 


0< OO 
2J.22 


A 1 A 
U. 14 


f\h A imA A 

U 4Z 44.01 / 


/iioi/r/n /;o" 
41 10 13. OZ 


OO 7fl 

22. /y 


A A/^ 

U.U6 


01 /^o 
23.62 


A A< 

U.U5 


U 4Z 44.0 lo 


41 10 U/.03 


O/I f\< 
24. U J 


A 1 A 
U. 14 


0< /I A 
2j .4U 


A 1 7 

U.l / 


U 4Z 44.01V 


/I 1 01 £Ltr\H 11" 

41 10 U/. 13 


O/I o<- 
24. 2j: 


A 1 ^ 

U.l j 


O/I Q/^ 
24.06 


A 1 1 

u. 1 1 


C\hAimAA /Tin.? 
U 4Z 44.01V 


/l 1 O 1 A' 1 /l AH" 

41 10 14. OU 


21. Uo 


A AO 

U.U2 


O 1 OAii 

21.20 


A A1 
U.U1 


C\hAimAA <;i 
U 4Z 44.01V 


/I 1 01 /r/AQ /iO" 

41 10 UV.OV 


O/I /I ^. 

24. 4j: 


U.l / 


0< 1 A 

2J.1U 


A 1 1 

U.13 


C\hAimA A AOA.V 
\) 4Z 44.0ZU 


41 10 1Z.o3 


O/I /IT 

24.4/ 


A 1 A 

U.16 


Ol A 1 

23.41 


A A/I 

U.U4 


C\hAimAA /COA? 

U 4Z 44.0Z0 


/I 1 1 OC" 

41 10 IZ.Zo 


O/I 'l/l 

24. j4 


A 1 < 

U.l j 


o< 0^ 
2j.26 


A 1 A 

U. 14 


a/i/1 /I AlO? 
U 4Z 44.03Z 


/l 1 1 00" 
41 10 IZ.00 


O/I 1 Q 

24. iy 


fl 11 
U.13 


O/I 7C 

24. /O 


A 1 A 

U. 1U 


CxhAimAA 

V 4Z 44.033 


/i 1 1 A'r\o <o" 

41 10 uy.jz 


O'J 01 

23. y 1 


A 1 O 

U.12 


O/I 1 A 

24.10 


A A7 
U.U/ 


f\h Aim A A £11 cs 

U 4Z 44.03 J 


/I 1 1 tllf\H OA" 

41 10 U/.ZU 


O/I 1 A 

24.34 


A 1 H 
U.l / 


O/i 

24.6/ 


A 1 A 
U.1U 


C\hAimAA £.1.£.& 

\J 4Z 44.030 


/1101/T/1O 1 A" 

41 10 1Z.1V 


O/I o< 
24. 2j 


A 1 A 
U.14 


O/I £Q 
24.60 


A AO 

u.uy 


CxIlAimAA £.1.£.S 

V 4Z 44.030 


/11C1/T/1A 01" 

41 10 1U.Z1 


O/I /IO- 

24.42: 


A 17 

U.l / 


O^ AA 

2j.UU 


A 1 O 

U.12 


C\hAim.A a fzins 
K) 4Z 44.03 / 


/I 1 1 /;/ 1 A QO" 

41 10 1U.VZ 


O/I OA- 
24.20. 


A 1 A 
U. 14 


O/I QA 

24.00 


A 1 A 
U. 1U 


(\hAimA A fZICtS 

K) 4Z 44.03V 


/l 1 1 &f(Xl 1A " 
41 10 U/.Z4 


O/I /I 'J 
24. 4j 


A 1 Q 

U.lo 


0< /I7- 

2J.4/. 


A 1 Q 
U. 10 


C\hAimAA ^lO? 

K) 4Z 44.03V 


/I 1 Ol /T/1 /I OO" 

41 10 14.00 


01 00 
Zi.yZ 


A 1 1 

U.l 1 


O/I < 1 
24. M 


A AQ 

U.Uo 


C\hAimAA A-JO? 

U 4Z 44.03V 


/l 1 1 /r/i nil! 
41 10 13. /Z 


O/I 1 *2 

24. 1 j 


U.13 


o< OO. 
2J.22: 


A 1 1 

U. 13 


(\hAimAA fZA(\s 
K) 4Z 44.04U 


41 10 11 .U3 


O/I OQ 

24. 2y 


A 1 A 
U.14 


O/I 1A 
24. 3U 


A AT 
U.U/ 


C\hAimAA £.AH$ 

\) 4Z 44.04/ 


/I 1 01 C.f(\Q OA" 

41 10 U0.0U 


O/I /IO- 

24. 4y: 


A 1 Q 

U.lo 


O/I 77 

24. / / 


A 1 A 
U. 1U 


c\hAim.A a /zc 1 ,v 
U 4Z 44.0 J 1 


/l 1 1 A'n.G QQ" 

41 10 Uo.VV 


2J.00 


A 1 A 
U.1U 


01 Q1 

23. y3 


A AA 
U.UO 


C\hAimAA 

U 4Z 44.0 J 3 


/| 1 01 /T/AO 00// 

41 10 Uo.oo 


O/I /l/^- 

24. 4o: 


fl 17 

U.l / 


O^ 1 A 

2J.1U 


A 1 1 

U. 13 


{\llAimAA A<COS 

U 4Z 44.0jV 


/i 1 1 A'r\o a<" 
41 10 Uo.Oj 


0*2 T2 

23. /3 


A 1 1 

U.l 1 


O/I 1 A 

24.10 


A A7 
U.U/ 


f\hA1tTlA A fZfZIS 

U 4Z 44.00Z 


/t 1 ° i & f f\i m" 
41 10 U/.U3 


o/i ni 
24. U3 


A 11 

U.13 


o< 1 1 
2J.13 


A 1 A 
U. 14 


c\h.Aim.A a tztzAs 
K) 4Z 44.004 


41 10 U3. J / 


O/I 'JO 
24.32 


A U 

U.IO 


0< 1Q 
2j.3y 


A 1 < 
U. 1 J 


C\hAimAA £.£.AS 

V 4Z 44.004 


A 1 1 /C/A/C OO" 

41 10 UO. ZZ 


O/i m 
24. Ul 


A 1 1 

U.13 


Ol AO 

23. 6y 


A A< 

U.U5 


CxhAimAA 6.6.AS 
U 4Z 44.004 


/I 1 01 /T/AO TA" 

41 10 UZ. /U 


23.66 


A 1 A 
U.1U 


O/I OQ 

24.20 


A A7 
U.U/ 


r\h a s^tn a a n ti c t 

42 44.665 


41 16 14.74 


24.01 


0.12 


24.35 


0.07 


A 42 m 44.669 s 


41°16'09.27" 


24.32 


0.16 


25.28 


0.16 


A 42 m 44.669 s 


41°16'01.08" 


24.16 


0.14 


23.66 


0.08 


A 42 m 44.674 s 


41°16'06.87" 


23.97 


0.13 


24.20 


0.07 


A 42 m 44.674 s 


41°16'07.16" 


24.36 


0.17 


24.93 


0.12 


A 42 m 44.677 s 


41°16'02.63" 


24.10 


0.13 


24.37 


0.07 


A 42 m 44.679 s 


41°16'02.62" 


24.22: 


0.14 


24.62 


0.09 
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RA 


Dec 


nifnsw 


error 




error 


(J2000) 


(J2000) 


(mag) 


(mag) 


(mag) 


(mag) 


KJ 4Z 44.0oZ 


/i 1 1 a'aa oo" 
41 10 UO.Z / 


2j. /D. 


A 1 1 

u. 1 1 


O/l AO 
Z4.0Z 


A AO 

u.uy 


U 4Z 44.0oZ 


/I 1 O 1 /T/ 1 O CO// 

41 10 Ij. jZ 




A 1 1 

U.l 1 


O/l <A 

Z4.J0 


A AO 

U.Uo 


(\h a O'W/1 /I AG/I? 
U 4Z 44.004 


/l 1 1 A'A/1 GO" 

41 10 U4.oy 




U.lJ 


O/l OO 
Z4. /O 


A 1 A 
U. 1U 


C\hAnmAA fZQCS 

KJ 4Z 44.00J 


/I 1 O 1 A/A/1 OO" 

41 10 U4.Z0 


O/l /I < 


A 1 O 

U.l / 


o< 1/1 
Zj.j4 


A 1 < 
U. 1 J 
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0.14 


0M2 m 45.017 J 


41°16'10.59" 


23.22 


0.07 


24.07 


0.06 


A 42 m 45.018 s 


41°16'07.97" 


23.27 


0.07 


23.32 


0.04 


/! 42 m 45.022 s 


41°16'11.56" 


24.18: 


0.14 


24.49 


0.08 


/! 42 m 45.023 I 


41°16'02.60" 


24.28 


0.14 


25.04 


0.11 


/! 42 m 45.024 s 


41°16'10.54" 


23.76 


0.10 


24.16 


0.06 


/! 42 m 45.024 I 


41°16'08.42" 


24.13 


0.13 


24.19 


0.07 
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TABLE 2 — Continued 



RA 


Dec 


m Fl75W 


error 


niFT15W 


error 


(J2000) 


(J2000) 


(mag) 


(mag) 


(mag) 


(mag) 


Cr42 m 45.036 s 


41° 16' 10.94" 


24.26: 


0.15 


25.26 


0.13 


/! 42 m 45.038' 5 


41°16'13.38" 


23.85 


0.11 


23.94 


0.06 


/! 42 ffl 45.048 s 


41°16'09.67" 


24.04 


0.12 


24.26 


0.07 


/! 42 m 45.052 J 


41°16'13.41" 


24.48 


0.17 


24.49 


0.08 


/! 42 m 45.054 s 


41°16'01.50" 


23.76 


0.10 


24.86 


0.10 


A 42 m 45.056' ! 


41°16'10.56" 


23.71 


0.10 


24.41 


0.07 


0*42 m 45.059 i 


41°16'13.10" 


22.17 


0.04 


22.86 


0.03 


A 42 m 45.071' ! 


41°16'10.05" 


24.33: 


0.15 


24.85 


0.10 


/! 42 m 45.084' 5 


41°16'13.52" 


24.42 


0.17 


24.61: 


0.09 


A 42 m 45.085' ! 


41°16'12.16" 


24.09: 


0.12 


24.55 


0.08 


A 42 m 45.086' s 


41°16'09.75" 


23.86: 


0.11 


24.96 


0.11 


A 42 m 45.112' s 


41°16'09.02" 


22.75 


0.05 


22.81 


0.03 


0*42 m 45.117 i 


41°16'06.89" 


24.18: 


0.14 


24.90 


0.10 


/! 42 ffl 45.135 s 


41°16'05.95" 


24.38: 


0.15 


25.09 


0.11 


A 42 m 45.136' ! 


41°16'08.82" 


23.93 


0.12 


24.43 


0.08 


/i 42 m 45.136 s 


41°16'07.39" 


23.14 


0.07 


23.45 


0.04 


/! 42 m 45.144 s 


41°16'05.89" 


22.82 


0.06 


23.26 


0.04 


/! 42 m 45.152 s 


41°16'04.34" 


24.02 


0.12 


24.18 


0.06 


/! 42 m 45.157 s 


41°16'07.95" 


23.86 


0.11 


23.83 


0.05 


A 42 m 45.185' ! 


41°16'04.00" 


24.40: 


0.16 


24.11 


0.06 


0M2 m 45.188 i 


41°16'02.74" 


24.17 


0.14 


25.22: 


0.17 


/! 42 m 45.194 s 


41°16'12.98" 


24.43: 


0.17 


25.20 


0.12 


0*42 m 45.195 i 


41°16'12.22" 


24.28: 


0.15 


24.11 


0.06 


/! 42 m 45.209' 5 


41°16'07.15" 


22.69 


0.05 


22.16 


0.02 


A 42 m 45.219 ,! 


41°16'05.87" 


23.80 


0.11 


24.16 


0.06 


0*42 m 45.230 i 


41°16'10.91" 


24.21: 


0.14 


24.33 


0.07 


/! 42 m 45.232 s 


41°16'11.33" 


23.69 


0.10 


24.23 


0.07 


A 42 m 45.233' s 


41°16'06.10" 


23.96: 


0.12 


24.59 


0.08 


/i 42 m 45.234' s 


41°16'10.93" 


24.40 


0.16 


25.13: 


0.12 


A 42 m 45.236' ! 


41°16'06.07" 


23.93: 


0.12 


24.59 


0.08 


A 42 m 45.238 i 


41°16'06.02" 


24.26 


0.15 


25.28: 


0.13 


0*42 m 45.25P 


41°16'11.51" 


24.23 


0.14 


25.31 


0.14 


0M2 m 45.252 i 


41° 16' 11.46" 


24.36: 


0.15 


24.99 


0.11 


0M2 m 45.270 i 


41°16'13.64" 


23.28: 


0.08 


23.84 


0.05 


/! 42 m 45.284 s 


41°16'09.38" 


21.46 


0.03 


21.91 


0.02 


A 42 m 45.291 i 


41°16'11.79" 


23.80: 


0.10 


24.30 


0.07 


/! 42 ffl 45.292 s 


41°16'13.45" 


24.49: 


0.18 


24.66 


0.09 


A 42 m 45.314 i 


41°16'11.01" 


24.32 


0.15 


24.48 


0.08 


/, 42 m 45.334' 5 


41°16'10.32" 


24.41: 


0.16 


24.66 


0.09 


0M2 m 45.365 s 


41°16'13.78" 


23.94 


0.19 


24.39 


0.08 


0' ! 42 m 45.420 i 


41°16'13.36" 


24.34 


0.20 


25.41: 


0.33 



a b These stars have photometric problems and are discussed in §2 and §3.2. 



Table 3 
M 32 Source Catalog 



RA 


Dec 


niFnsw error 


m F275W 


error 


(J2000) 


(J2000) 


(mag) (mag) 


(mag) 


(mag) 


/, 42 m 40.804 s 


40°51 '46.37" 


94 99 
Zt-.ZZ 


97 
U.Z / 


24.38 


0.12 


A 42 m 40.805 s 


40°51 '46.42" 


94 OQ 


94 


24.46: 


0.13 


A 42 m 40.812 s 


40°51'46.39" 


93 S3 
Z9. J J 


1 s 

U. 1 J 


24.43: 


0.13 


/! 42 m 40.823 s 


40°51 '46.33" 


93 Q9 


1 Q 
V.Ly 


24.90: 


0.19 


/! 42 m 40.870 s 


40°51 '49.92" 


94. 1 Q 


o 33 

W.J J 


25.05 


0.19 


A 42 m 40.910 s 


40°51'51.66" 


93 Sfi 


90 

u.zu 


24.54 


0.13 


ft 42 m 40.915 s 


40°51'52.12" 


93 Q1 


97 
U.Z / 


25.45 


0.29 


A 42 m 40.918 s 


40°51 '52.02" 


93 f,R 


93 


24.55 


0.13 


ft 42 m 40.922 s 


40°51'52.25" 


93 79 
Z9. ! Z 


93 


25.17 


0.22 


A 42 m 40.936 s 


40°51 '49.03" 


94 3Q 


1 7 
U. 1 / 


24.28 


0.06 


/, 42 m 40.964 ? 


40°51 '54.34" 


94 1 S 


33 


25.34 


0.26 


A 42 m 40.968 s 


40°51'55.01" 


94. 01 


30 

U.9U 


24.86 


0.19 


ft 42 m 40.969 s 


40°51'55.05" 


94 OQ 


39 
U.9Z 


25.02 


0.22 


/! 42 m 40.977 s 


40°51 '55.42" 


94 38 


40 

U.tU 


25.28 


0.28 


/! 42 m 40.980 I 


40°51 '48.49" 


94 1 8 


14 

U. It 


24.77 


0.08 


A 42 m 40.987 s 


40°51'55.65" 


94 01 


9Q 


25.02 


0.21 


/! 42 m 4 1.005 s 


40°51'55.28" 


94 1 S 


1 Q 
\J.ly 


24.83 


0.10 


A 42 m 41.010 s 


40°51'51.52" 


93 QS 


1 9 
U. 1Z 


24.83 


0.09 


ft 42 m 41.011 s 


40°51 '47.91" 


94 39 


1f> 

U.1U 


25.12 


0.10 


/! 42 m 41.016 s 


40°51 '46.03" 


94 1 
Zt-. 1U 


1 7 

U. 1 / 


24.18 


0.06 


A 42 m 4 1.030 s 


40°51 '50.67" 


94 43 


1 7 
U. 1 / 


25.31: 


0.12 


/, 42 m 41.033 s 


40°51'53.85" 


94 48 


1 8 
U. 1 o 


24.83 


0.09 


ft 42 m 4 1.040 s 


40°51'51.84" 


99 9S 

ZZ.ZJ 


04 

U.Ut 


22.05 


0.02 


ft 42 m 4 1.064 s 


40°51'52.97" 


93 84 


1 1 
U. 1 1 


24.31 


0.07 


0M2 m 41.137 s 


40°51 '59.71" 


93 90 


08 
u.UO 


23.96 


0.06 


ft 42 m 41.144 s 


40°51'56.50" 


93 CK 


1 9 
U. 1Z 


24.12 


0.06 


0M2 m 41.167 s 


40°51'58.81" 


94 3Q 


1 (\ 
W. ID 


24.91 


0.10 


A 42 m 41.188 s 


40°51 '50.80" 


93 37 


OQ 


24.06 


0.06 


/! 42 m 4 1.226 s 


40°51'45.51" 


94 1 S 


1 7 
U. 1 / 


24.25 


0.06 


/! 42 m 4 1.243 s 


40°51 '58.49" 


93 4S 


OQ 


23.82 


0.05 


/! 42'"4 1.274 s 


40°51'53.95" 


94 97 


1fi 


24.46 


0.08 


A 42 m 4 1.276 s 


40°51 '56.87" 


94 47 


1 7 
U. 1 / 


25.48: 


0.16 


0*42 m 4 1.282 s 


40°51'54.57" 


94 30 
ZtOU 


1 (\ 

U.IO 


25.18 


0.13 


/! 42 m 41.309 s 


40°51 '54.24" 


94 06 


14 

U. It 


25.32 


0.15 


0M2 m 41.312 s 


40°51'57.01" 


94 04 


1 3 
U. 1 9 


24.34 


0.07 


ft 42 m 41.318 s 


40°51'45.45" 


93 4S 


1 
U. 1U 


24.49 


0.12 


ft 42 m 41.326 s 


40°51 '47.21" 


93 1 


07 
U.U / 


23.68 


0.05 


0*42 m 4 1.342 s 


40°51'51.38" 


94 1 S 


1 S 
U.l J 


24.59 


0.09 


/! 42 m 41.363 s 


40°51'57.11" 


99 Q3 


Of, 
U.UO 


23.61 


0.05 


/! 42 m 41.364 s 


40°51'58.59" 


93 77 


1 1 
U. 1 1 


24.60 


0.09 


/! 42 m 41.370 s 


40°51 '57.66" 


94 47 


1 8 
U. 1 o 


24.93 


0.11 


0M2 m 41.373 s 


40°51'53.86" 


99 1 f, 
ZZ. ID 


04 
U.Ut- 


22.53 


0.03 


ft 42 m 41.380 s 


40°51'53.91" 


94 49 


1 8 
u.io 


25.26 


0.16 


0M2 m 41.380 s 


40°51'53.20" 


91 47 


03 
U.U9 


21.87 


0.02 


A 42 m 41.383 s 


40°51 '49.25" 


23.94 


0.13 


24.34 


0.07 


/, 42 m 41.384 s 


40°51 '44.98" 


24.04 


0.18 


25.49 


0.15 


A 42 m 4 1.407 s 


40°51 '48.04" 


21.96 


0.04 


22.49 


0.03 


ft 42 m 41.413 s 


40°51'55.90" 


23.69 


0.11 


24.58 


0.10 


0M2 m 4 1.420 s 


40°51'52.29" 


23.73 


0.12 


24.61 


0.11 


ft 42 m 4 1.428 s 


40°51 '57.24" 


24.00 


0.13 


24.57 


0.09 


ft 42 m 41.441 s 


40°51'57.38" 


24.08 


0.14 


24.48 


0.08 


ft 42 m 4 1.449 s 


40°51 '57.49" 


24.37 


0.17 


24.99 


0.12 


ft 42 m 41.458 s 


40°51'57.35" 


23.92 


0.12 


24.11 


0.07 


/! 42 m 4 1.460 s 


40°51'51.50" 


24.33 


0.19 


25.11 


0.16 


A 42 m 4 1.469 s 


40°51'52.30" 


24.29 


0.18 


24.31 


0.09 


ft 42 m 41.470 s 


40°51'45.95" 


24.29 


0.18 


25.26 


0.13 



TABLE 3 — Continued 



RA 


Dec 


rri Fl75W 


error 


rrL FX15W 


error 


(J2000) 


(J2000) 


(mas) 


V ,im 6/ 


('map) 


(ma?) 


A 42 m 4 1.472 s 


40°51'51.31" 


24.38: 


0.20 


25.02 


0.15 


A 42 m 41.481 s 


40°51 '49.70" 


24.13 


0.15 


24.71 


0.10 


/! 42 m 4 1.482 s 


40°51'54.36" 


24.02 


0.14 


24.43 


0.11 


/! 42 m 4 1.494 s 


40°51'56.11" 


24.23 


0.16 


24.60 


0.13 


/! 42 m 4 1.497 s 


40°51'55.83" 


23.58 


0.11 


23.76 


0.07 


/! 42 m 4 1.497 s 


40°51 '49.40" 


24.34 


0.17 


25.19 


0.15 


/! 42 m 4 1.506 s 


40°51'55.30" 


23.91 


0.14 


24.47 


0.13 


A 42 m 41.510 s 


40°51'48.88" 


24.11 


0.14 


24.82 


0.11 


A 42 m 41.513 s 


40°51'57.61" 


24.45: 


0.17 


25.15 


0.15 


A 42 m 41.526 s 


40°51'51.77" 


22.33 


0.05 


23.31 


0.05 


/! 42 m 41.549 s 


40°51'58.93" 


24.10: 


0.14 


24.61 


0.09 


A 42 m 4 1.552 s 


40°51 '54.30" 


23.85 


0.16 


24.12 


0.16 


A 42 m 41.568 s 


40°51 '56.70" 


23.68 


0.11 


24.22 


0.10 


A 42 m 41.573 s 


40°51'50.55" 


22.59 


0.06 


23.43 


0.05 


A 42 m 41.577 s 


40°51 '56.34" 


24.03 


0.15 


24.20 


0.12 


/! 42 m 4 1.577 s 


40°51'56.89" 


24.50 


0.20 


25.43: 


0.26 


A 42 m 41.582 s 


40°51'51.36" 


23.81 


0.13 


24.35 


0.10 


/! 42" , 4 1.597 s 


40°51'55.33" 


24.13 


0.21 


24.17: 


0.18 


/! 42 m 4 1.604 s 


40°51 '58.06" 


24.40: 


0.17 


24.89 


0.12 


A 42 m 4 1.620 s 


40°51'51.46" 


24.27 


0.18 


24.84 


0.18 


/! 42 m 4 1.642 s 


40°51'55.96" 


24.25 


0.22 


24.69: 


0.26 


/! 42 m 4 1.642 s 


40°51'52.14" 


23.66 


0.14 


23.76 


0.10 


A 42 m 41.655 s 


40°51'45.82" 


24.27 


0.16 


25.37 


0.14 


/! 42 m 4 1.662 s 


40°51'52.37" 


21.11 


0.03 


22.08 


0.03 


A 42 m 41.662 s 


40°51'58.63" 


22.54 


0.05 


22.83 


0.03 


A 42 m 41.671 s 


40°51'56.12" 


24.27 


0.21 


24.74: 


0.25 


A 42'"41.674 S 


40°51 '44.44" 


23.74 


0.12 


24.11: 


0.10 


A 42 m 41.681 s 


40°51'55.88" 


24.31 


0.25 


24.65: 


0.33 


/! 42 m 4 1.702 s 


40°51 '56.45" 


23.96 


0.15 


24.42 


0.17 


A 42 m 4 1.705 s 


40°51'55.80" 


24.08: 


0.23 


23.97 


0.19 


A 42 m 41.710 s 


40°51'49.01" 


24.00 


0.13 


24.52 


0.09 


A 42 m 41.711 s 


40°51 '57.54" 


24.42 


0.18 


25.00: 


0.16 


A 42 m 41.711 s 


40°51 '47.49" 


23.48 


0.09 


23.91 


0.06 


A 42 m 41.716 s 


40°51 '56.62" 


23.80 


0.13 


24.27 


0.13 


A 42 m 4 1.724 s 


40°51 '50.72" 


23.27 


0.09 


23.86 


0.07 


/! 42 m 4 1.736 s 


40°51 '48.42" 


24.19 


0.15 


24.72 


0.10 


/! 42 m 4 1.748 s 


40°51'45.06" 


24.17 


0.14 


24.52 


0.08 


A 42 m 4 1.769 s 


40°51 '49.29" 


24.49 


0.20 


25.24: 


0.16 


0M2 m 41.776 s 


40°51 '46.47" 


23.99 


0.13 


24.79 


0.09 


/! 42 m 4 1.778 s 


40°51'57.86" 


22.46 


0.05 


22.72 


0.03 


A 42 m 41.781 s 


40°51'57.25" 


24.09 


0.14 


24.84 


0.13 


0M2 m 41.782 s 


40°51'48.78" 


24.00: 


0.14 


25.04 


0.13 


A 42 m 41.787 s 


40°51'56.88" 


23.65: 


0.11 


24.13 


0.09 


A 42 m 4 1.793 s 


40°51 '52.60" 


24.02 


0.21 


24.18 


0.20 


/! 42 m 41.802 s 


40°51 '48.07" 


24.47 


0.19 


24.66 


0.09 


/! 42 m 41.820 s 


40°51 '52.46" 


24.42: 


0.24 


24.68 


0.26 


A 42 m 4 1.824 s 


40°51'55.73" 


24.34 


0.20 


24.89 


0.25 


A 42 m 41.834 s 


40°51 '54.90" 


22.23 


0.05 


22.77 


0.05 


A 42 m 41.837 s 


40°51'52.53" 


21.88 


0.04 


22.41 


0.04 


/! 42 m 41.846 s 


40°51'52.58" 


23.48 


0.11 


24.31 


0.16 


0M2 m 41.851 s 


40°51 '54.30" 


24.40 


0.26 


24.67: 


0.27 


A 42'"41.856 S 


40°51 '46.48" 


24.35 


0.17 


24.64 


0.08 


A 42 m 4 1.857 s 


40°51'52.53" 


22.14 


0.05 


22.88 


0.05 


A 42 m 41.863 s 


40°51'55.18" 


22.62 


0.06 


22.72 


0.04 


A 42 m 4 1.870 s 


40°51 '50.86" 


24.40 


0.19 


24.95 


0.16 


A 42 m 41.873 s 


40°51 '57.90" 


24.09: 


0.15 


25.41 


0.17 



34 



TABLE 3 — Continued 



RA 


Dec 


m Fll5w 


error 




error 


(J2000) 


(J2000) 


(mag) 


(mag) 


(mag) 


(mag) 


42 41.878 


40 5 1 50.27 


22.43 


0.05 


23.20 


0.04 


a/? A^m a 1 ooaj 

42 41.880 


A AO C1 / r lC\l! 

40 51 46.79 


24.29 


A 1 C 

0.16 


25.12 


0.12 


42 41.896 


40 51 54.22 


24.07: 


0.16 


25.26 


0.29 


"42 m 4 1.900 


40 51 54.20 


24. 1 1 : 


0.17 


25.08 


0.23 


a/i /i owl /i 1 aa 1 ,v 

42 41.901 


-1AOC1/-1A OiZ/f 

40 51 49.36 


23.35 


A AA 

0.09 


T? A O 

23.48 


A AC 

0.05 


42 41.905 


A r\o C ~t f A c o a// 

40 5 1 45. 29 


23.76 


0.12 


24.82 


0.09 


42 m 4 1.927 s 


/1AOC1 ICC A1 // 

40 51 55.02 


24.20: 


0.17 


24.94 


0.16 


A/l A^ftl A 1 C\ A f\S 

42 41.940 


/1AOC1/C1 DC/' 

40 51 51.85 


^ A OC 

24.35 


A 1 O 

0.18 


25.28 


A OA 

0.20 


r\h a a ~\ aci v 

42 41.953 


/1A0C1//1C AO// 

40 51 45.93 


24.06 


0.14 


25.19: 


0.18 


a/i /i ow? /i 1 ac /i t 

42 41.954 


/lAoci /ci n// 

40 5 1 5 1.37 


24.18 


A 1 £L 

0.16 


24.43 


0.09 


42 41.980 


40 51 52.83 


23.21 


0.08 


23.71 


0.06 


42 41.992 


/1AOC1/CO AO// 

40 51 53.93 


24.21 


0.16 


24.73 


0.12 


0"42 41.994 


40 51 57.50 


24.13: 


0.15 


24.72 


0.10 


a/? /i of?i /i 1 aacv 

42 41.995 


/1AOCl/CT 1 O// 

40 51 57.38 


24.21: 


0.16 


24.95 


0.12 


a/i /i ow? /i o aao t 

42 42.002 


/IAOC1 /CO ^ A ft 

40 51 53.24 


23.46 


0.10 


23.94 


0.07 


a/? ^ ^ O AATf 

42 42.007 


/(AOC1 /CA CAN 

40 51 50.54 


24.48 


0.20 


24.72 


0.10 


42 42.010 


/1AOC1//1A 1 O // 

40 51 49.33 


22.72 


0.06 


23.58 


0.05 


/! 42 m 42.019 s 


40°51'55.44" 


23.81 


0.12 


24.59 


0.10 


ft 42 m 42.044 s 


40°51'53.33" 


24.49: 


0.19 


24.56 


0.09 


/! 42 m 42.045 s 


40°51'51.02" 


23.74 


0.11 


25.01 


0.13 


/! 42 m 42.085 s 


40°51'53.38" 


22.43 


0.05 


22.80 


0.03 


ft 42 m 42.088 s 


40°51'51.80" 


24.09: 


0.15 


25.15 


0.14 


/! 42 m 42.099 s 


40°51'54.88" 


24.45: 


0.19 


24.72 


0.10 


A 42 m 42.107 s 


40°51'54.58" 


23.65 


0.11 


24.10 


0.06 


/! 42 m 42.147 I 


40°51 '54.57" 


24.39 


0.21 


25.23: 


0.14 


A 42 m 42.169 s 


40°51'56.97" 


24.20 


0.17 


24.33 


0.08 



TABLE 4: Comparison of WFPC2 and FOC Integrated Photometry 



(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 








Gross 


Dark 


Sky 


Net 


Predicted 








EXPTIME 


count rate 


count rate 


count rate 


count rate 


Count rate 




Galaxy 


Filter 


(sec) 


(cts s" 1 ) 2 


(cts s" 1 ) 3 


(cts s" 1 ) 3 


(cts s" 1 ) 3 


(cts s-') b 


Net/Predicted 


M31 


F175W 


19773 


55.5 


22.0 


3.0 


30.5 


27.4 


1.11 


M31 


F275W 


8390 


228 


22.0 


7.6 


198 


229 


0.86 


M31 


F300W 


3000 


61.0 





0.8 


60.2 


57.0 


1.06 


M31 


F336W 


460 


99.3 





0.3 


99.0 


103 


0.96 


M31 


F555W 


2200 


4811 





8.7 


4802 


=4802 


= 1 


M32 


F175W 


16179 


97.9 


22.0 


3.0 


72.9 


68.0 


1.07 


M32 


F275W 


8990 


684 


22.0 


7.6 


654 


861 


0.76 


M32 


F300W 


3000 


230 





0.8 


229 


206 


1.11 


M32 


F336W 


1200 


339 





0.3 


339 


364 


0.93 


M32 


F555W 


104 


21019 





17.4 


21002 


=21002 


= 1 



"Measured count rate through a 2.8" diameter circular aperture. 

*Predicted count rate based upon the IUE spectrum, including red leak and normalized to agree in the visual (F555W). 
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Table 5: Photometry Characteristics 





Completeness (%) a 


Standard Deviation (mag) a 


Spurious sources 




M31 


M32 


M31 


M32 


M31 


M32 


mag 


F175W 


F275W 


F175W 


F275W 


F175W 


F275W 


F175W 


F275W 


F175W 


F275W 


F175W 


F275W 


21.0 


100 


100 


100 


100 


0.034 


0.027 


0.036 


0.027 














22.0 


100 


99 


100 


100 


0.051 


0.030 


0.060 


0.041 














23.0 


100 


100 


98 


100 


0.155 


0.047 


0.094 


0.062 














24.0 


86 


100 


86 


100 


0.252 


0.124 


0.193 


0.125 








7 


7 


25.0 


31 


93 


32 


95 


0.274 


0.224 


0.426 


0.216 


60 


1 


87 


6 


26.0 


7 


46 


11 


58 


1.056 


0.519 


0.682 


0.446 


200 


26 


188 
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"Beyond 1.5" of the galactic center. 



Table 6: Comparison of FOC and IUE fluxes 





M31 


M32 




F175W 


F275W 


F175W 


F275W 


(1) Gross count rate (cts s _1 ) a 


1034 


2694 


1070 


3551 


(2) Dark count rate (cts s"') b 


637 


637 


637 


637 


(3) Sky count rate (cts s"') c 


87 


219 


87 


219 


(4) Net count rate (cts s"') d 


310 


1838 


346 


2695 


(5) Stellar count rate (cts s"') d 


14 


61 


3.1 


12 


(6) Predicted count rate (cts s _1 ) e 


243 


2031 


279 


3532 


(7) Predicted UV count rate (cts s"') f 


78 


1591 


50 


2929 


(8) (Net F0Q/(UV+optical) 


1.28 


0.90 


1.24 


0.76 


(9) (Stellar FOQ/UV 


0.18 


0.04 


0.06 


0.004 



"Measured count rate through an artificial 10 X 20" oval aperture (A+2B in Figures 4 & 5). 

* Assumed dark count rate through an artificial 10 X 20" oval aperture (A+2B in Figures 4 & 5), assuming nominal FOC dark current. 
^Assumed sky count rate through an artificial 10 X 20" oval aperture (A+2B in Figures 4 & 5), assuming average sky template spectrum. 
^Measured count rate for stars in the artificial 10 X 20" oval aperture (A+2B in Figures 4 & 5) and brighter than the limiting magnitudes. 
■^Predicted count rate through a 10 X 20" oval aperture, including red leak. 

^Predicted UV count rate through a 10 X 20" oval aperture (A < 2400 A in F175W and A < 3400 A in F275W). 



This figure "figl.jpg" is available in "jpg" format from: 



http://arXiv.org/ps/astro-ph/9803327vl 



This figure "fig2.jpg" is available in "jpg" format from: 



http://arXiv.org/ps/astro-ph/9803327vl 



